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Sell It First 


66 ROUBLE with the oil business is that the refin- 

ing department cannot make the stuff as cheap 

as the sales department can sell it.” That statement was 

made by a prominent sales executive and it got a 

laugh because it was intended for a joke and was so 
accepted. 

3ut as funny as it sounds to say it, isn’t there a 


lot of truth involved? 


With such a large part of petroleum marketing 
in the hands of the refiners—and especially the larg- 
er refiners—all the way to the consumer, there cer- 
tainly should not be the eternal turmoil in the mar- 
keting end that exists. While no one can be picked 
out to take the blame, it must be admitted that five 
per cent or less of the refining capacity is respon- 
sible for all of the petroleum merchandise that is of- 
fered under conditions and prices which disturb the 
market—either that or the larger refining-marketing 
units are furnishing clubs to their opposition with 
which the opposition is fighting them. And in fight- 
ing back, the units with the high-paid executives and 
the “smartest” sales departments are entering the 
lists with the same clubs and the same tactics used 
against them. 


Apparently the industry has built itself up on the 
idea that the sales department should sell what the 
refining department produces, regardless of the price. 
To do this the sales end is divided into two depart- 
ments, one selling the consumer and the other in 
tank cars. Apparently these departments are so well 
separated that the men responsible for both does not 
realize that the latter is selling at prices which per- 
mit the resellers often to demoralize the market in 
which the refiner’s own service stations are operat- 
ing. Either that or refiners ship into territories 
where they do not operate as marketers, and refiners 
in that territory return the compliment. At all events 
there must be a large amount of gasoline from the 
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big refining plants which are most vitally interested 
in stalibity of the retail market which reaches the 
cut-rate outlets. There are so many of them that 
they could not otherwise be supplied. 

Most recent is low priced lubricating oil. It came after 
the third-grade gasoline, and ‘after the third-grade 
had proved that its only potency in the market was 
in the role of profit reducer. In fact third-grade is 
such a thorn in the side of the industry that almost 
universally it now is sold without the color which 
first characterized it, in an effort to ease the pain, 
and the next move apparently is to eliminate the 
grade and retain its price for use in selling higher 
octane gasoline. 

In the case of lubricating oil the situation is still 
more difficult to understand. There are fewer re- 
finers making oil than gasoline. True the margin of 
sales profit has been something not to discuss, but 
selling to all comers at a low refinery price has re- 
sulted in grocery and department stores and vacant 
lot peddlers selling to an economy-conscious public 
at about half the established price. To meet this, the 
second-grade lube oil has taken place beside the third 
grade gasoline in the stations of the larger refining- 
marketing units as a still further drain on profits. 

It is conceivable that having third-grade gasoline 
at a lower price has increased consumption in these 
times, but gallons are not dollars and volume does 
not always mean profit. And lowering the price of 
lube oil will increase neither consumption nor profit. 

Now while little things are looming so big is a 
good time to consider the fact that selling profiitably 
is more important than just selling. When refiners 
start letting their sales departments tell them how 


much to make, rather than the manufacturing end’ 


making the product and insisting that the sales de- 
partment move it, a good beginning toward a profit- 


able market that is not in continual turmoil will have 


been made. 
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Permanent Recovery System 


GEORGE REID 


Associate Editor 


ITH production of cracked gasoline increasing 
W\ to 65 per cent of all gasoline made at the New 
Jersey refineries of the Standard Oil Company 
of New Jersey, and with continued advance in tempera- 
tures and pressures of operation of cracking units ; these 
developments brought about the condition where a new 
and modern gasoline recovery plant was needed to proc- 
ess the increasing production of cracking still gases. 
To meet the demands of the growing and rapidly de- 
veloping cracking department, to handle the vapors and 
gases from the low pressure operations of the large 
refinery, company engineers designed and erected a 
recovery plant capable of processing 15,000,000 cubic 
feet of gas daily, and to recover upwards of 50,000 gal- 
lons of gasoline each 24 hours. 


In the preliminary work prior to construction of the 
plant, the designing engineers followed the practice 
long prevailing among architects and marine engineers, 
constructing a miniature plant, built to scale and no 
work was done on the plant until a thorough study of 
the small scale plant convinced the engineers that the 
finished plant would meet the requirements of the op- 
erators. In the miniature plant all piping and all units 
were carefully made to scale, and when these units were 
assembled the accessibility or inaccessibility of each 
item of equipment was shown, with the result that 
changes and improvements could be made before actual 
construction of the plant. The location of the pre- 
heaters, exchangers, tankage pumps, control devices and 
safety devices, especially with respect to their availabil- 
ity to the operators, was clearly shown on the model 
plant. Changes affecting such items of equipment with 
respect to placement so that better efficiency could be 
secured, were all made and permanent placement deter- 
mined before construction of the main plant was begun. 


FLEXIBILITY 


The model plant aided materially in securing the ex- 
treme flexibility desired, it helped in the designing of 
the intricate system of automatic controls, in the placing 
and utilization of the many safety devices, and in deter- 
mining the best type of layout to assure ease of future 
enlargement. 

The finished and permanent plant consists of a com- 
pression plant, the three absorption towers and a two- 


MODEL PLANT AS GUIDE TO ERECTION OF 


AT BAYWAY 


stage distillation system complete with the regular heat 
exchange and cooling facilities, pumps, controls and 
safety devices. The compression plant consists of two 
synchronous motor-driven two-stage, balanced-opposed 
compressors employed for collection of gases from the 
low pressure operations of the refinery under vacuum. 
A complete system of automatic temperature, pressure 
and flow controls is installed throughout the plant to 
assure constant rates of flow of oil, vapor, steam, and 
gas and to assure uniform temperature and pressure 
conditions as desired by the operators. 

The compressors discharge gas to the absorber at 8) 
pounds, all refinery gas going to one absorber. Gases 
from the various batteries of cracking units are passed 
through the remaining two absorbers, dividing this high 
pressure gas in predetermined proportion, since a small 
portion is but partially stripped in one absorber as a 
means of preparation of this gas for the manufacture 
of hydrogen at the hydrogenation system located else- 
where on the refinery yard. 

Residue or stripped gases from the other two absorb- 
ers, one handling refinery gas and the other treating 
cracking still gases, passes into the fuel gas distributing 
lines, one of which takes gas at 40 pounds pressure, 
and the other at five pounds. Control valves on the fuel 
gas lines are so arranged that surplus from the high 
pressure side is automatically dumped into the low pres- 
sure system when the need arises. The system of regu- 
lation is so aranged that it eliminates any manual valve 
adjustments on the part of the operator, secures con- 
stant absorber pressures, and maintains constant pres 
sure on the high pressure fuel gas distributing system. 

Absorption oil of 38/40 gravity is pumped over the 
top of the three absorbers and released at the bottom 
by means of liquid level controllers into the suction line 
of the rich oil pump. The pump passes the rich or fat 
oil through exchangers to a flash drum at 280°F. 
where released vapors are removed to the rectifying set- 
tion of the first or high pressure still. From this device 
the fat oil passes to a steam preheater where a tempera 
ture of 345°F. is secured, after which the rich oil passes 
into the feed plate of the high pressure still. 

The first still in the two-stage distillation’ system. op 
erates at around 85 pounds or slightly higher than the 
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pressure of the absorbers. After primary distillation 
here the partially denuded oil passes into the second 
still which operates at five pounds pressure and in 
which a small quantity of open steam is employed to 
strip the oil of gasoline before it is delivered to the 
heat exchangers and coolers and back to the absorption 
system. 

Vapors from the top of the high pressure still are 
condensed in shell and tube condensing equipment to 
pass into a gasoline accumulator. From this vessel a 
portion of the gasoline is recycled to the top of the stills 
for reflux. The remaining gasoline is pumped to one of 
the 10 by 30 foot receiving tanks. Condensate derived 
from the low pressure still is pumped into the vapor 
line leading from the high pressure still, so that the total 
production of the plant is condensed under the higher 
pressure, thus minimizing the amount of non-condensed 
gas which must be returned to the absorbing towers. 
Thus all of the non-condensed gases are delivered di- 
rectly to one absorber without the necessity of recom- 
pression. From the gasoline storage tanks the plant 
production is transferred to a stabilization system lo- 
cated in another part of the refinery yard. 


EXTRA PUMPS 


In order to secure flexibility and uninterrupted serv- 
ice a Spare pump is provided for each service, all pumps 
being driven by explosion proof motors, with the excep- 
tion of two steam pumps periodically operated for short 





Absorption system at the new Gasoline re- 
covery plant at the Bayway refinery of 


Standard Oil Company of New Jersey. 





intervals. All of the manifolding around the heat ex- 
changers, the coolers, the absorber, and the distillation 
units is so arranged that any of the individual units may 
be taken out of service for service work or for inspec- 
tion. All of the pumps are placed close to the equip- 
ment from which they take suction, thus reducing the 
cost of pipe work, securing the advantage of short suc- 
tion lines, of removing the cost of pump house con- 
struction. 

Control instruments are concentrated in one control 
room and include a complete system of recording flow 
meters, pressure gauges, and temperature controls, as 
well as a recording potentiometer and the customary 
push button type of indicating potentiometer. 

Each of the vessels and any of the other items of 
equipment needing venting are provided with two safety 
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valves, which are connected in such manner that one 
must be opened when the other is closed—a system per- 
mitting a leaky safety valve to be removed for repair 
without interrupting plant operation. The vent, or re- 
lease lines from the safety valves extend upward to a 
height above that of any other piece of equipment. 
These vent lines are shown in the accompanying photo- 
graph showing the absorption system, extending weli 
above the tops of the absorbers. 


The new plant is laid out with a view to possible fu- 
ture expansion which the history of constant improve- 
ment and enlargement of facilities at the Bayway refin- 
ery indicates will some day be necessary. 
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Cracking Characteristics of the 


Petroleum Hydrocarbons 


A. W. TRUSTY 


Louisiana Oil Refining Corporation 


URING the first decade of commercial crack- 

ing the knowledge of the cracking character- 

istics of the various hydrocarbons was more 
or less limited. Less attention was paid then to the 
source of the crude or to the composition of the 
hydrocarbons of the crude. There is a great need for 
research work in this particular field. Today, how- 
ever, the general cracking characteristics of the four 
groups of hydrocarbons are roughly known, both 
from results of plant scale cracking operations on 
individual crude or residues and from laboratory in- 
vestigations. For our purpose the petroleum hydro- 
carbons may be divided into four groups: 

1. Paraffins, 

2. Unsaturates, 

3. Naphthenes, 

4, Aromatics. 

The Appalachian field includes New York, Penn- 
sylvania, West Virginia and Tennessee. This crude 
has a typical paraffin base. The Ohio, Indiana, and 
Illinois crude has a paraffin base but contains some 
naphthenes. Mid-Continent crude from Oklahoma 
and Kansas has a mixed base of paraffins and naph- 
thenes. The oils from Texas, Louisiana, and Wyom- 
ing vary widely from paraffin base in central and 
North Texas to naphthene base on the Gulf Coast, 
but the majority of the crudes, including East Texas, 
is mixed base (paraffins and naphthenes). California 
and Arkansas crude has an aromatic and naphthene 
base. 


CRACKING CHARACTERISTICS OF THE 
PARAFFINS, CnH.n + 2 


Some typical paraffins are: 


Compound Formula °A.P.I. BPOF. 
Methane CH, Vee —258 
Ethane C.He 194 —125 
Propane C3Hs 142 —49 
Butane CyHao 109 34 
Pentane CsHx 92.2 98 
Hexane CeHu 78.9 156 
Octane CsHis 65.0 258 
Tetra-decane CyuHs 45.0 486 
Octa-tetradecane CisHss 38.6 603 
Tri-Uncosane CaHias 36.5 718 
Dotri Untricontane CsoHee 37.8 865 
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When a high molecular weight paraffin hydrocar- 
bon decomposes into two simpler molecules, both of 
these cannot be saturated hydrocarbons unless car- 
bon is formed. 

R.CH; CH; CHR: = R.CH: + CHsR: + C. 
At low temperatures, little, if any, separation of car- 
bon takes place, so the possibility of the above re- 
action is excluded. 

The second possibility is that the high molecular 
weight paraffin may form two olefins: 
R.CH:CH2CH:CH:R: = R.CH = CH: + CH:= CHR: + H: 

In this case hydrogen gas would be formed at low 
temperatures. However, gases from low tempera- 
ture cracking contain negligible quantities of hydro- 
gen, which also excludes the possibility of this re- 
action. 

The third. possibility is the decomposition of the 
high molecular weight paraffin into olefin and paraf- 
fin : 

R.CH2CH:CH:2R;, = R.CH = CH:+ CH:R: 

Evidence to the present time indicates that this is 
the probable reaction for primary cracking of parat- 
fins. Hexane would form amylene and methane: 

C;Hw = CH;CH:zCH:CH = CH: + CHa. 

At high temperatures the splitting out of methane 
predominates, while at lower temperatures, the hy- 
drocarbon molecule breaks down in such a way that 
the olefin and paraffin molecule are of more nearly 
the same size. In general however, the tendency is 
toward the formation of a long chain (liquid) olefin 
and a gaseous paraffin. 

Plant cracking experience together with labora- 
tory investigation show that the more paraffinic the 
Olefins 
and paraffins without coke are the products of pri- 


stock the less the amount of coke formed. 


mary cracking of paraffin hydrocarbons. At higher 
temperatures or with longer time, secondary, tertiary 
and further reactions occur in which coke is formed. 
The coke, however, is formed from decomposition of 
the secondary and tertiary cracking products and not 
from the original paraffins. 


At very high temperatures the final products of 
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all hydrocarbons are the same, hydrogen and carbon. 
Thus, the higher the temperature at which cracking 
occurs, the less effect the nature of the original hy- 
drocarbons have on the cracked products. 

Sachanov and Tillicheev cracked paraffin wax at 
797°F. and 140 lbs. pressure and found no coke or 
other condensation product and no hydrogen. Fifty 
per cent unsaturates and 50 per cent saturates were 
the products of cracking. 

UNSATURATES 
Some typical unsaturated hydrocarbons are: 


Olefins CnHen 


Diolefins CnHzn-2 





For- For- 

Compound mula API BP Compound mula BP 
Ethene C2H. —152 Ethine C:H: —120 
Butene C.Hs 90.4 34 3utine CsHe 81 
Octene CsHie 64.5 254 Octine CsHu 263 
Hexadecene CiuwsHw ... 525 Cetylene CisH 540 
Octadecene CisHas ... 600 

Molene Cale 27.5 707 


Olefins are very seldom present in fresh cracking 
stocks. They are formed as secondary and tertiary 
products from the primary cracking of virgin stocks. 
The formation of olefins is rapid with a rise of crack- 
ing temperature. Some vapor phase cracked distil- 
lates contain as high as 80 per cent olefins or un- 
saturated compounds. 

Polymerization is the addition of two like mole- 
cules, as when two molecules of amylene, C,H,,, com- 
bine to form one molecule of decene, C,,H.». Olefins 
polymerize as well as decompose. The diolefins poly- 
merize much more readily than do the monolefins. 
The cracking of olefins results in the formation of 
paraffins, more olefins, naphthenes and hydrogen at 
comparatively low temperatures. At higher tempera- 
tures aromatics and diolefins are formed. 

The diolefins are largely responsible for the forma- 
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In the accompanying photograph showing one of the 
newer batteries of six cracking units recently placed in 
operation at the El Segundo refinery of Standard Oil 
Company of California is shown much of the design and 
construction features of such facilities. It wiil be noted 
that between each of the units there is erected a poured 
concrete wall, re-enforced by steel rods extending in 
height sufficient to effectively restrict damage to a single 
unit in the event of fire—and thus effectively protecting 
the operators of the battery. 

A second protective dividing wall of concrete is installed 
running the full length of the battery, separating the 
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furnaces and high pressure vessels from the control 
rooms and condensing equipment, thus dividing the high 
and low pressure sides of the cracking battery. Every 
modern safety device is included in the design and op- 
eration of the units. 

The stacks representing modern construction technique, 
are of poured concrete, re-enforced by steel rods, fire 
brick lined and self-supporting. 

According to late reports the 100,000-barrel complete 
El Segundo refinery of this company has over 36,000 
barrels cracking capacity. The company was among the 
first to engage in cracking operations on the West Coast. 


(Photograph through courtesy of Standard Oil Bulletin) 
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tion of gum in gasoline; however, the other unsatu- 
rated compounds also contribute to this undesirable 
feature of a cracked gasoline. 


NAPHTHENES CnH.n 
Some typical naphthene hydrocarbons are: 


Compound Formula ©API BPOF. 
Cyclo butane C.Hs 73.3 53 
Cyclo pentane CsHio 54.0 121 
Cyclo heptane CH 41.7 244 
Methyl ethyl iso-propyl 

hexane CwHos 41.7 406 


Naphthenes are present in practically all petro- 
leums, probably in larger quantities than any other 
hydrocarbons. Naphthenes crack into paraffins, ole- 
fins, other naphthenes and aromatics with a loss of 
hydrogen gas. The formation of aromatics is prob- 
ably the major reaction product. The naphthenes 
are more stable to heat than the paraffins; they de- 
hydrogenate to form aromatics at a lower tempera- 
ture than aromatics are formed from paraffins or 
olefins; they produce more hydrogen, by dehydro- 
genation, than do the paraffins; they are formed un- 
der pressure in the cracking system from olefins by 
isomerization ; and they retain their ring structure to 
a great degree through the cracking cycle. 

AROMATICS CnH.n-6 
Some typical aromatic hydrocarbons are: 


Compound Formula CAPI OBPF. 
Benzene C. He 29.8 177 
Toluene C; Hs gn.0 232 
Zylene Cs Ho 28.2 288 
Cumene CoH 32.1 307 
Penta ethyl 

benzene CreH os 26.1 531 
Naphthalene CoH, (Sp.Gr. 1,152) 424 
Diphenyl CwHw (Sp.Gr. 1.165) 491 


Aromatic cracking stocks are the most refractory, 
both from the standpoint of ease of cracking and 
amount of gasoline formed, and are also greater 
coke formers than other stocks. The aromatics de- 
compose by splitting off side chains and with the 
formation of condensation products. Like naphthenes 
they retain their cycle structure to a marked degree. 
The larger the molecule and the longer the side 
chain the more unstable is the aromatic to heat. 

Aromatics are the principal source of coke and tar 
formation. They give off hydrogen and condense to 
form substances like chrysene, picene, thallene, dip- 
henyl, naphthalene, etc. Some typical reactions are, 
benzene to diphenyl 


bo 


C. H, a (Ce Hs): or H:2; 
naphthalene to dinaphthyl 

2 C,H. = (CwH:;)> aa Ha, etc. 
On further cracking, the newly formed high boiling 
aromatic hydrocarbons are subjected to a further 
condensation, forming heavy tar-like products which 
are finally converted into coke. 


EFFECT OF TEMPERATURE 
Liquid phase cracking at low temperatures results 
in a pressure distillate with a low knock rating due 
to a high percentage of paraffins and to a low per 
cent of aromatics and naphthenes. This is due to the 
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fact that more primary cracking occurs than secon- 
dary and tertiary, and, as the high molecular weight 
paraffins are more unstable to heat than any of the 
other hydrocarbons, these paraffins are more or less 
selectively cracked. 

Egloff and Morrell have classified the relative anti- 
knock qualities of the four classes of hydrocarbons 
as follows: 

1. Aromatics have the best knock rating. 

2. 4 per cent naphthenes is equivalent to one per 

cent aromatics. 

3. 5 per cent unsaturates is equivalent to one per 

cent aromatics. 

4. The paraffins have the worst knock rating. 
There are exceptions to this classification of course, 
but in general it will hold true. 


As the cracking temperature is raised the products 
become more and more aromatic, due to cracking of 
the secondary reaction products of the paraffins and 
to cracking of the naphthenes and aromatic present, 
which were relatively unaffected at the low tempera- 
ture at which the paraffins were decomposed. 

Cracking becomes noticeable at 600-625°F. and ap- 
preciable at 750°F. 

Geniessee and Renter have made the following 
conclusions in regard to the time-temperature factor 
in cracking. 

1. For the cracking reaction at atmospheric pres- 
sure similar results are obtained by increases in tem- 
perature or in time; that is, it is possible to dupli- 
cate approximately short time high temperature re- 
sults by long times at low temperatures. A tempera- 
ture increase of 17°C. (30.6°F.) approximately halves 
the time. It is possible to consider time and tempera- 
ture together as a time-temperature index. 

2. As time-temperature increases the yield of gas- 
oline increases rapidly to a maximum, which is 
slightly higher at the lower temperatures, and then 
decreases slowly. 

3. The properties of the gasoline are the same for 
a given time-temperature index. Increasing time- 
temperature results in— 

(a) an increase in the anti-knock value of the fuel, 

(b) a rapid increase in unsaturation followed by 

a slow decrease, and 

(c) a rapid decrease in the aniline number. 

4. Gas yields increase rapidly to a maximum of 
60-70 per cent by weight. The ratio of gas to gas- 
oline increases considerably with time-temperature 
and slightly with temperature for a given time-tem- 
perature index. | 

5. Recycling runs show a considerable change in 
the chemical character of the charging stock due to 
its continued heat treatment. As recycling is con- 
tinued gas and gasoline yields continually drop, 
whereas tar and coke yields rapidly increase. The 
hydrogen content of the gas increases due in part 
to the increased coking reaction taking place. 
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What Goes On in the 
Water Treater 


ATER softening is 
generally referred to as 
that method of render- 


ing water free from scale form- 
ing solids. Two general types 
of softening systems are in use 
today ; one that of the lime and 
soda system, and the other, the 
popularly called zeolite system. 
Both perform their duties in a 
satisfactory manner when op- 
erated properly. The difficulty 
at most: plants, especially where 
the small units are in operation, 


is that the operators do not un- 


J. C. ALBRIGHT 





HIS discussion of water treating em- 

braces only the elementals of the 
science of softening water for plant use. 
The chemistry of reactions in soda-lime 
treatment is explained in a simple manner. 
The zeolite action is outlined and explained. 
The destruction of algae (often termed 
moss) is discussed. The work is intended to 
make the subject of water treating more un- 
derstandable for the plant operator. 

The refinery and the natural gasoline 
plant is confronted with the dual problems 
of treating water for boiler consumption and 
with treatment of circulation or cooling 
water used for cooling in engine jackets, 
condenser coils, tubular condensers, coolers 
and similar equipment. More and more, are 
operators realizing the economy of chemical 
treatment of cooling water, for a pit of 
hard water can become as expensive as a 
scaling water for the boiler battery, and 
will ultimately cause interruption of opera- 


over burned parts, the “core” 
of the lumps which were under 
burned, sand clay lumps and 
other foreign matter which was 
in the stone when it was 
brought to the kilns. 

This calcium bicarbonate is 
temporary in its hardness, and 
if boiled the attached molecule 
of carbon dioxide which was 
necessary before the mineral 
could have been brought in with 
the cooling water, is driven off 
and the remaining mineral is 
changed back to its original 
form, that of calcium carbon- 


derstand what takes place when then of ths plant. 





water is passed through the 


ate, and will be deposited in the 








units. An attempt will be made 

to explain the reactions one chemical has with another 
when any softening apparatus falling in these two 
classes is being operated. 


LIME AND SODA SYSTEM 


In the lime and soda systems, some operators may 
wonder why lime is used to remove lime. Any scale 
formed in the tubes of closed condensers and coolers, 
on the tubes of atmospheric units and in the jackets of 
the compressors and power cylinders, is called lime by 
the majority of plant operators. Lime, however, is any 
form of the calcium base chemicals found in water. Cal- 
cium carbonate not being soluble to any appreciable ex- 
tent in pure water must come in contact with carbon di- 
oxide before it can enter the cooling water. When this 
occurs, it is changed to calcium bicarbonate and may be 
present in water in varying percentages. Lime used in 
removing this form of calcium is prepared from the 
rock or from oyster shells. It is placed in kilns as 
CaCO,, calcium carbonate, and upon having sufficient 
heat applied is changed to calcium oxide upon release 
of the carbon dioxide. In this condition it is called 
quicklime, but before it can be utilized in the softening 
apparatus, it is changed in form once more by being 
slaked with water. Now it is called calcium hydroxide, 
or hydrated lime, as it comes in the bags to the plant. 
After being hydrated, the lime is graded to remove the 
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form of scale if heat is applied 
as in condensers. When treated out of the water through 
the lime and soda unit, the calcium bicarbonate (con- 
taining the loosely bound carbon dioxide) is quite will- 
ing to turn loose of this carbon dioxide attached to it. 
The hydrated lime, being without the moderate of car- 
bon dioxide, and quite willing to take one on, proceeds 
to combine with the calcium bicarbonate in such man- 
ner that the carbon dioxide is changed from the cal- 
cium bicarbonate to the calcium hydroxide. When this 
has been accomplished, both units of lime are changed 
to the insoluble CaCO,, calcium carbonate, and with a 
little assistance will settle to the bottom of the tank as 
sludge. 

If the water also contains magnesia in the form of 
magnesium bicarbonate, more of the hydrated lime will 
be required than if the water contained only calcium 
bicarbonate. As shown before, magnesium carbonate 
is fairly soluble in pure water, but dissolves readily in 
water carrying carbon dioxide. When the hydrated lime 
is placed in the treating unit for magnesium removal, 
the action takes place as in the removal of calcium 
bicarbonate. First, the hydrated lime being without 
carbon dioxide takes it away from the magnesium bi- 
carbonate, leaving magnesium carbonate which is still 
fairly soluble and must be removed. The hydrated lime 
unit in taking the carbon dioxide from the magnesium 
changes to the insoluble form. CaCo, and is ready to set- 
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tle out as sludge. But the magnesium carbonate still be- 
ing active must have more lime to be satisfied and settle 
out. The hydrated lime in the presence of water breaks 
down the magnesium carbonate so that one atom of 
carbon and two atoms of oxygen are released in the 
form of carbon dioxide, leaving the magnesium in the 
form of magnesium oxide, which only needs the sur- 
rounding water to change to magnesium hydrate to be- 
come insoluble. Both units, one of satisfied hydrated 
lime and the magnesium changed to magnesium hydrate 
are then content to settle to the bottom of the tank as 
sludge. 

In the foregoing, the treatment as outlined leaves a 
water free from any scale forming mineral. In waters 
which contain the sulphates which are termed perma- 
nent hardness, require a different treatment. That is, 
the primary treatment is the same as when carbonates 
are treated, but a secondary treatment must be added 
to take care of the sulphates when changed to other 
forms by the action of the hydrated lime. When mag- 
nesium sulphate, MgSO,, is in the water, it is soluble 
in that form, hydrated lime is added so that the re- 
action changes the magnesium sulphate to magnesium 
hydrate. This is accomplished by the hydrated lime 
taking on the sulphate radical, SO, and becoming cal- 
cium sulphate, CaSO,, which is the same as gypsum. 
These reactions all take place in the presence of water, 
and the magnesium sulphate in giving up the sulphate 
to hydrated lime, takes on the form of magnesium 
hydrate, Mg (OH), as in the treatment for magnesium 
carbonate, and is willing to settle out as being insoluble. 
There is left the active and soluble mineral, calcium 
sulphate to be attended to. Sodium carbonate, soda ash, 
Na,CO,, must be introduced so that the calcium sulphate 
may be changed from a scale forming mineral to one 
that is not. When in contact with each other in water, 
the carbonate in the soda ash is exchanged for the 
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Water Softener Installation 
at Plant of Phillips Petroleum 
Company, Arkansas City, 
Kansas. 


sulphate in the gypsum. Both elements, calcium sulphate 
and sodium carbonate have changed forms by this ex- 
change of component parts, the sodium carbonate taking 
on the form of sodium sulphate, Na,SO,. It is now 
Glaubers salts which is soluble but will not form scale. 
The calcium sulphate has been changed by this swap 
of elements to calcium carbonate, the original limestone. 
It is insoluble in this form and is ready to settle to the 
bottom of the tank as sludge. 

Soda ash as it is used in the softening of water is 
manufactured in one of the ammonia-soda processes. 
Salt solution is saturated with ammonia gas and carbon 
dioxide gas and sodium bicarbonate is formed and pre- 
cipitated out of the solution. It is then separated, dried 
and becomes the bicarbonate soda, or the cooking soda 
of the kitchen. By heating this product in large rotary 
furnaces anhydrous sodium carbonate is obtained, which 
is the soda ash used in the water softener. 


When calcium chloride is to be removed, the exchange 
of component parts is practically the same as in the 
treatment of calcium sulphate. The chlorine in the 
calcium chloride is exchanged with the soda ash for its 
carbonate particle. Now there are two substances of 
a different character; sodium chloride in two units of 
common salt, and one unit of calcium carbonate. The 
calcium carbonate is ready to settle out, but the salt 
remains Removal of common salt 
process that is not an economic possibility. 

Sodium aluminate or aluminum sulfate is added to 
the treating chemicals to hasten the sedimentation of 
the separated minerals. As the aluminum sulphate or 
sodium aluminate is fed into the ‘system, it combines 
with the other elements about to settle in such manner 
that aluminum hydrate is formed. This is the flo¢ neces- 
sary for accelerated sedimentation. It is a sticky, in- 
soluble, gelatinous precipitate enveloping the. finer par- 
ticles and gathering them together in larger balls, as it 
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were, so that they will reach the bottom of the tank in 
less time than if this element were not used. 

In operating the lime and soda apparatus, it is essen- 
tial that the elements contained in the water are known, 
and then it is very necessary that the treating chemicals 
be so proportioned that a maximum efficiency be ob- 
tained, and that the lowest scale forming mineral con- 
tent will prevail when the water is finally placed in the 
supply tanks for utilization. If an insufficient amount of 
treating chemicals for the particular water are placed 
in the system, a condition of under-treated water will 
exist, and if too much chemical is mixed, the water will 
be overtreated. Both are hard on the system inasmuch 
as the scale forming minerals have not been entirely 
removed on one hand, while on the other, the added 
chemicals themselves will form scale. 

An illustration may be given that may make it clear 
as to the results of both over and under treating sys- 
tem water. If there are, say three particles of calcium 
bicarbonate to be removed, and five particles of hydrated 
lime are added there will be precipitated six particles 
of calcium carbonate, while there will remain two par- 
ticles of the hydrated lime. Now, if in the undertreat- 
ment, there are five particles of calcium bicarbonate 
that are to be removed, and only three particles of 
hydrated lime, are added only three of the calcium bi- 
carbonate particles will have changed to calcium carbo- 
nate, leaving two particles of calcium bicarbonate 
unchanged. The above indicates what will happen if 
the chemicals are not correctly proportioned, so it is 
essential that the automatic feeders be set so that the 
correct amount of chemicals are fed into the treating 
tanks, or that they be weighed out according to the 
formula for the particular water. The tests should be 
conducted according to the directions set out by the 
control chemist. Any change in the condition of the 
finished water should be corrected by adding or sub- 
tracting the treating chemicals according to the mineral 


One of the tanks in a battery 

of the treating system of In- 

dian Territory Illuminating 

Oil Company at Oklahoma 
City. 


content of the feed water going into the treating equip- 
ment. 

When the treating system is of the zeolite type, the 
action is different from that in lime and soda. The 
active zeolite mineral has the peculiar property of fur- 
nishing sodium in exchange for the calcium and other 
minerals contained in the feed water. When freshly 
regenerated by passing a salt solution through the bed 
of zeolite, the sodium stored up in the mineral passes 
out in exchange for the calcium. The sodium particles 
may be illustrated as sticking to the surface of the 
crystals, and when calcium and magnesium pass by, 
they literally,push these sodium particles from the faces 
to remain there themselves. When the surface of the 
crystals have been cleaned of all the sodium particles, 
and they have been replaced by calcium particles, the 
softener is exhausted and must be regenerated. When 
the salt solution is passed through the bed, the sodium 
particles take up the task of pushing away the calcium 
particles, and when the operation has been completed 
by using the required amount of brine, the unit is ready 
for another softening operation. The calcium particles 
are drained to the sewer in the form of calcium chloride 
together with the excess sodium ‘chloride used to com- 
plete the regeneration. 

In many instances, after cooling water has been 
treated scale begins to form on the heads and in the 
jackets of the engines. It also begins to plug up the 
tubes in the condensers, consequently they have to be 
bored out or treated with scale removing chemicals in 
the “boiling out” process. The operators begin to won- 
der what has brought about this condition and some- 
times the efficiency of the treating apparatus is ques- 
tioned. The treated water in those cases is not continued 
to zero softness at all times, but will let some of the 
scale forming chemicals pass through. This is due to 
not correctly proportioning the treating chemicals, or 
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the zeolite softener is permitted to reach a condition so 


that the water passing out carries several grains of 
scale. 

Water will evaporate when passed over the louver 
towers when cooling for engine or condensing water. 
The scale forming particles passed through the softeners 
will not evaporate. If at some point in the operation of 
the plant the treater is permitted to pass an average wa- 
ter of two grains of hardness, and as time passes, a 
second amount of water is passed having the same 
characteristics, the pit will contain four grains of scale- 
forming minerals. As this concentration of scale-form- 
ing solids is pyramided, a condition is reached where 
the cooling water is as hard as the original source, carry- 
ing enough scale forming minerals that a continual 
procession of boring and ‘scale chipping is necessary 
with the ever attendant inefficiency of the plant. 

When the concentration reaches a point where scale 
forms in the jackets and tubes readily, the most prac- 























Water Treating Equipment at Pantex Gasoline Plant of Phillips Petroleum 
Company, at Borger, Texas. 
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Lime, soda-ash and sodium 
aluminate dry proportioning 
feeders in water treating plant 
of Indian Territory Illumi- 
nating Oil Company, Okla- 
homa City. Water treated in 
this plant varies in solids 
during each day, making it 
necessary to vary the feed of 
the chemicals. 


tical remedy is to dump the pits and fill with fresh 
treated water, and then watch the softeners to prevent 
the accumulation of further troubles. 

Algae presents a problem that is not well enough 
understood by the average plant operator. If it is only 
in the pits, no harm can result from its presence there, 
but if in the pits, it will form on the distributors of 
the cooling towers and prevent adequate cooling. In 
those plants where pipe coils are used, it will gather and 
form a good insulator against the exchange of heat. 
Removal of the growth may be accomplished by the 
use of copper sulphate or by chlorinating the water. If 
the growth is rank, the destruction of it will bring about 
a condition where the water is full of finely suspended 
vegetable matter. When circulated, this matter will stick 
to the hot surfaces and retard the transfer of heat about 
as effectively as so much scale. Treating water for 
algae should begin when it first appears and continuing 
so that it will not form. 
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Full Use of Exhaust Steam from 
Electric Generator 


dian Territory Illumi- 

nating Company in- 
stalled a generating plant 
in the yard of one of its 
gasoline plants at Okla- 
homa City. Besides gen- 
erating electrical energy 
used in the operation of 
numerous motor driven 
pumps in the Button 
plant, a part of the ex- 
haust is bled away be- 


|: November, 1930, In- 


tween the first and second 


stage and used to operate 





Right side of the two generators in power room at the 
Button gasoline plant, showing piping arrangement on 
inlet and exhaust with bleeder lines to process plant. 


ature of 800° with a 
throughput of 17,500 
pounds per hour. The 
steam is admitted to the 
turbines through an auto- 
matic governor which 
maintains the predeter- 
mined speed. Passing 
through the first stage of 
the turbine, a part of it 
is “bled” away to other 
parts of the plant. The 
difference is returned to 
the second stage of the 
turbine and from there 


the reflux pumps han- 

dling gasoline over the rectifiers and stills. As the 
benefits were seen, a part of the electricity was de- 
livered to another of the plants for the operation of 
pumps there as well as furnishing lighting for both 
plants. 

Placing a building at the end of the boiler house, 
in order that short steam headers could be used, two 
General Electric turbine driven units were installed 
and connected on the output side so that either or 
both can be operated. The Turbines are type DS-53, 
two stage non-condensing units, each turbine con- 
nected directly to a General Electric, ATB-2-250 
KVA, 440 volt generator. Both units are designed 
to operate at 3600 revolutions per minute and pro- 
duce 200 kilowatts each. The exciter, a General 
Electric FDF4, Form A, compound wound 125/125 
volt machine generating 5.5 kilowatts is connected 
to the shaft of the main generator, all placed on a 
common base. The connection to the generator is 
through a Fasts self aligning coupling and operates 
at the same speed as that of the turbine drive. 

The steam with which these units are operated is 
furnished through the operation of seven Keewanee 
boilers, operating at 205 pounds gauge pressure. A 
part of the steam generated in the boiler battery is 
used in the distillation of crude oil when mineral 
seal oil is manufactured, the preheaters of the gaso- 
line plant, and in the operation of the hypochlorite 
treating plant pumps. The short steam header trans- 
mitting the steam from the boiler house to the gen- 
erating room has installed in it measuring instru- 
ments connected to a Bailey Fluid Meter recorder, 
type c-6 to be operated on 225-pound steam with a 
Maximum of two per cent moisture, a steam temper- 
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it is passed to condensers. 

This steam, as exhaust from the second stage, con- 
densed or partially cooled in atmospheric sections 
placed in a louvre tower, is delivered to an oil treat- 
ing plant. This amount approximates 11,800 pounds 
per hour, and when it has served its useful purpose 
at the treating unit, is delivered to the boiler make 
up tanks to be pumped back to the boilers again. 

The “bled” steam from the connections between 
the first and second stage of the turbine, running 
an average of 1200 pounds per hour at 30 pounds 
pressure is utilized in the plant for agitation or proc- 
ess steam in the stills. Part of it is diverted to the 
reflux pumps which deliver gasoline over the recti- 
fiers. This steam is measured through another Bailey 
meter set on the same board as the one which meas- 
ures the input steam from the boilers. 

Through the period May 20 to June 20, 1932, the 
steam input through the first stage was approxi- 
mately 1300 pounds per hour at 205 pounds gauge 
pressure. During the same period, the steam bled 
from the second stage for process utilization was ap- 
proximately 1200 pounds per hour. As a result of 
this steam input, the generators over the period pro- 
duced 203,600 kilowatt hours of electrical energy. 

As these two machines furnish electric energy 
with which the circulating pumps at both plants are 
operated in handling absorption oil and water for 
cooling purposes, lights at both plants as needed, 
two meters were placed on the output side of the 
board—one for each plant. During the same period 
of operation as shown above, the output of electricity 
delivered to the various driven units in the two 
plants was 201,450 kilowatt hours. 
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Automatic Control 


Features New Michigan Refinery 


HE Pure Oil Company’s new refinery at Midland, 
Michigan, is completed and ready for operation. 
Designed and built by Alco Products Company 

of New York in conjunction with the engineers of The 
Pure Oil Company, this refinery, while small, presents 
numerous interesting features of operation and treat- 
ment of materials. 

The Midland refinery is located about two miles 
south of Midland, Michigan, on land adjacent to the 
big plant of Dow Chemical Company with whose opera- 
tion this development is to some extent related. Michi- 
gan crude on which the refinery will operate is obtained 
from the company’s six-inch pipe line which extends 
from Purtell Tank Farm to Bay City, Midland lying 
about midway between these two terminals. 

At the present capacity, 3500 barrels per day of 
Michigan crude will be consumed. Following the accom- 
panying flow sheet, crude oil is charged from the crude 
oil tanks to the tube still through a bottoms heat ex- 
changer, the temperature being raised to approximately 
300°F. 


slurry for removal of sulphur compounds is injected 


Before reaching the heat exchanger, a chemical 
into the crude charging line. Oil and slurry are heated 
in the tube still to about 550° and discharged into the 
bottom of a treating tower of the bubble type. Super- 
heated steam enters at this point and the ascending 
vapors are intimately contacted with a mixture of oil 
and chemicals introduced into the top of the tower for 
further treatment for removal of sulphur compounds. 
This oil and chemical mixture is continuously re-circu- 
lated through a preheater section installed in the breech- 
ing of the tube still. Vapors from the treating tower 
enter a bubble type fractionating tower where fuel oil 
bottoms drop out and various gasoline cuts are taken 
from side and top. Number 2 furnace oil may be taken 
off as a side cut through a bubble type stripper column, 
vapors being returned to the main column. Gasoline 
“B” and “C” and kerosene are taken off as side cuts 
through the main stripper column, a three-section col- 
umn of the bubble type. Kerosene produced has an 
initial boiling point of about 390°F., and endpoint of 
475°F. Gasoline “B” cut may be so regulated as to 
produce a gasoline of I. B. P. of 220°F. and E. B. P. of 
320°F. Gasoline “C’ cut will produce a gasoline of 
290°F. I. B. P. and 400° FE. B. P,. Vapors from the top 
of the main fractionating column pass through a pri- 
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mary condenser into a water separator and reflux tank 
from which reflux is circulated back to the tower top. 
Gasoline “A” stream is taken through an after cooler, 
and a gas separator to the high pressure stabilizing 
column where propane and butane and other fractions 
boiling below 100°F. are eliminated and a stabilized 
gasoline produced of 100° I. B. P. and 300°F. E. B. P. 
Gas from tower relief valves, gas separator and stabil- 
izing plant is delivered to the tube still burners for fuel. 


TUBE STILL 


The atmospheric tube still is of standard design, burn- 
ing either gas or fuel oil, provision having been made 
for additional tubes to double the capacity. Heat from 
the flue gases is utilized in the preheater section de- 
scribed above and also for revivification of spent treat- 
ing materials. 

All fractionating towers and stripper columns are of 
the latest design bubble plate and cap type. The frac- 
tionating tower is 86 feet high and six feet in diameter, 
equipped with 37 bubble trays. All parts of the tower 
and the patented 
trough bubble trays make cleaning a simple matter. Very 
close cuts of all products are obtained through the use 
of automatic control of reflux and liquid levels and 


are readily accessible removable 


the introduction of superheated steam into columns for 
heating and control. 

Heat exchangers, condensers and coolers are of the 
closed type, with floating tube sheets, crude oil and 
water being used as the exchange medium. Hot water 
leaving the exchangers is taken directly to the boilers 
for boiler feed water. 

Water for condensing and boiler feed purposes 1s 
pumped from the Dow Chemical Company’s water 
plant. Water requirements are kept to a minimum by 
means of an atmospheric water tower over which con- 
densate is sprayed and cooled before being re-circulated 
through the system. 

Steam is generated by one Heine, and one Geary, 
250-horsepower horizontal return tube boilers. These 
boilers supply steam at 125 pounds gage pressure main- 
ly for pump operation. One of the features of the plant 
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is the use of exhaust steam from the pumps at 25 
pounds gage pressure in the fractionating columns for 
heating and control of distillation, after being super- 
heated in the tube still. 


PUMPS 


Crude charging pumps, hot oil pumps and other proc- 
ess pumps are steam driven, while transfer pumps are 
motor driven centrifugals. Separate transfer pumps 
have been provided for each product in order to pre- 
vent contamination of finished gasolines. 

Storage and rundown tanks are of steel, all welded, 
umbrella roof construction, equipped with Oceco con- 
servation and safety vents. All tanks are electrically 
grounded. Each rundown tank is divided into two com- 
partments by a steel partition, making it possible to 
obtain accurate yields of the various products. 

The method used for treating the crude for removal 
of sulphur compounds is new and was developed solely 
by The Pure Oil Company engineers. All finished 
gasolines will have a maximum sulphur content of 0.5 
per cent. 

Tank car shipments of finished products to local mar- 
kets which have been developed for the entire output 
of the refinery will be handled over the Pere Marquette 


i 


R. R. along whose siding a 10-car steel tank car load- 
ing rack has been constructed. Fuel oil is delivered 
directly to Dow Chemical Company through 4000 feet 
of four-inch pipe line. 


SMALL PERSONNEL 


Automatic control of every operation has made pos- 
sible the use of a very small operating force. The 
skeleton personnel is headed by C. M. Ridgway, super- 
intendent, and K. B. May, assistant superintendent. Mr. 
Ridgway, former superintendent of the old Dutch Re- 
fining Company, Muskegon, Michigan, gained a wide 
experience in the handling and treatment of Michigan 
crude oil. Mr. May was transferred from Cabin Creek 
refinery. Office routine and yields will be under the 
supervision of L. E. Clark, chief clerk, formerly yield 
clerk at the Toledo refinery. Paul Lentz as resident 
chemist will be in charge of the laboratory. Plant op- 
erators are E. A. Clark, J. A. Kennedy, N. S. Banta, 
P. A. Condit, Walter E. Franz, Ray Kidder and FH. B. 
Hensley, with C. C. Jackson as loading rack man. Con- 
struction work was supervised by A. W. Michener of 
the Chicago engineering department of The Pure Oil 
Company, and W. C. Dickerman, who will remain at 
Midland to assist in the operation-of the refinery. 
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Methods of Operation 
and Control of 


Multiple Hearth Furnace 


dall, Oklahoma, has been using clay in the proc- 

ess of decolorization of bright stock and lubricat- 
ing oils for a number of years. The first step in the 
process as the clay is received from the Attapoulgus 
Clay Company in Southern Georgia, is to unload the 
sacks of this material into a hopper placed in the dock 
which runs alongside a spur from the railroad. As the 
clay is dumped from the containers, it is picked up by 
a series of Linkbelt conveyors and lifted to bins in the 


B est oii Refineries, Incorporated, at Barns- 


second story of the building. 

As needed, the clay is processed through a gas-fired 
This 
kiln was originally installed for burning clay between 
filtering, but is used now for the drying only. 
through this kiln in counter current to the flow of 
heat from the combustion of the fuel, it falls through 


rotary kiln to remove all traces of the moisture. 


Passing 


a conductor to a rotary cooler placed immediately be- 
neath the rotary furnace. From this apparatus it is 
led to a bin in the basement. 
clay from the bin to the battery of percolation filters. 


Elevators move this dried 


When the charge of clay in the filter has lost its 
efficiency by absorption of the objectionable matter 
from bright stock, it is washed with naphtha to remove 
the oil from the filter bed. After being washed, the 
clay is steamed until all of the naphtha is removed. A 
Linkbelt conveyor running between the banks of the 
filters removes the clay from the lower sections of the 
filters. Dumping the load into elevators, the clay is 
moved to overhead bins in the second building, also 
containing percolation filters. As it is dumped from 
these elevators to the horizontal conveyors leading to 
the bins the clay falls through screens to remove all 
foreign matter—lost manhead bolts, nuts, wrenches ac- 
cidentally dropped by the workmen, rags and waste. 

To recondition this spent clay for additional filtering 
processes, a multiple Wedge furnace containing eight 
hearths is used. It is driven by a 15 horsepower Gen- 
eral Electric motor through a Palmer-Bee Company 
mill-type speed reducer, geared so that the furnace 
rotates at one revolution per minute. As 150 tons of 
clay is handled each 24 hours, it is necessary to operate 
this equipment continuously. 

The spent clay in the storage bins is again picked up 
by a series of conveyors and elevators leading to the 
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upper story of the furnace house where it is deposited 
in two large feed bins directly over the furnace. A 
horizontal belt conveyor takes the clay from the eleva- 
tors and distributes it evenly in the bins. As deposited 
in these bins, the clay is ready to be fed to the kilns, 
or hearths of the furnace, for reconditioning for further 
utilization. 

When the furnace was first constructed, the clay was 
fed through open spouts directly into the port holes on 
each side of the furnace. If, during the operation of 
the equipment, the load exceeded the breaking strength 
of the safety pins placed in the driving mechanism, the 
clay would continue to be fed into the furnace. To 
secure even amounts feeding through the ports, an ad- 
justable orifice plate was placed in each spout leading 
to the port holes on opposite sides of the furnace. The 
orifice was designed so that by sliding either in or out 
of the orifice fitting, the speed of feeding could be con- 
trolled to give more or less clay. This fitting enabled 
a predetermined amount of clay to flow to the furnace 
and through it each 24 hours, but would continue to 
feed clay to the system even if the rotating element 
should stop due to breaking of the safety pins or fail- 
ure of the current driving the motor at the base of the 
tower. 

To remedy this condition, two automatic feeders were 
installed, one over each port hole, which will feed clay 
to the furnace so long as the rotation of the furnace 
proceeds, but once it stops, the clay is prevented from 
entering. In the previously described feeding arrange- 
ments through the adjustable orifice, efficient operation 
was prevented by rags, etc., which may have passed 
through the screens. When this occurred, the operator 
was forced to climb the ten flights of stairs to the top 
of the furnace and remove the plates for cleaning. The 
interruption of feed clay, either placed too small an 
amount on the hearths, or when the clay would gush 
through, due to the uneven sizes of the grains or other 
causes, the clay would be deposited on the upper hearth 
in uneven layers. If too much ‘should flow through, an 
undue strain would be placed upon the rabble arms and 
the safety pins in the driving mechanism would break. 


The new feeding device was constructed directly over 
the openings in the furnace, made in the shape of 
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troughs, wide enough 
that when the clay pours 
through the feed spouts, 
it will remain and accu- 
mulate until it is backed 
up into the bins, but will 
not spill over the sides 
into the furnace. Be- 





































and 1250° F. on the fifth. 
The temperature drops 
rapidly after the clay 
leaves the sixth hearth, 
and by the time it has 
been scraped to the out- 
Te. let of the eighth hearth 
¥vViii' it has lost most of its 











tween each trough and 





the centrally located ro- 





heat. 
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tating element of the 
furnace, two supports 
were bolted to the steel 























THERMOCOUPLES 
When the furnace was 
first installed, the ther- 





roof of the furnace. A 
vertical shaft was built 
into these supports, on 
which was placed an ap- 
paratus having eight horizontal arms radiating from 
acentral hub. Each arm is constructed of angle iron, 
and long enough that when in operation each arm 
will sweep the trough its entire length, wiping the 
accumulated clay from the pile into the port holes 
To operate these twin scrapers, 
arms were bolted to the rim of the rotating element. 
Four are installed, spaced equidistant from each other, 


leading to the furnace. 


and of sufficient length that when the kiln is in opera- 
tion each arm as it passes the scraping device will move 
a scraper arm through one-eighth of the circle, and as 
another comes in contact with the next arm, it will 
be moved likewise. 

As the furnace operates at one revolution per minute, 
with four actuating arms on the rotating element, each 
scraping device is operated at one-half revolution per 
minute. The full opening of the spouts from the bins 
above the furnace permits a full open flow of clay to 
he troughs and will not clog up with foreign matter 
which may come into the bins with the clay. To adjust 
the feed to the furnace, the spouts are either raised or 
lowered as more or less clay is desired. If the furnace 
should be prevented from rotating, either intentionally 
or from a break in the driving mechanism, the feed is 
stopped instantly, preventing an undue accumulation of 
material on the first hearth and a consequent strain on 
the rabble arms when the furnace is placed in operation 
again. 

As the clay is scraped from one hearth to the lower, 
the temperature increases from about atmospheric to an 
average of 1350° F. on the sixth hearth. The first and 
second hearth are ignored ordinarily in obtaining operat- 
ing data, but when the material in process has reached 
the third hearth, it has reached a temperature of about 
400° F. The combustion of the hydrocarbons in the 
Clay pores and adhering to the surface of the clay, as- 
sisted and brought about by the gas fires in the ovens 
on each side of the furnace, has brought about a tem- 
perature of approximately 840° F. on the fourth hearth 














Base of Wedge furnace, showing drive and recording 
and indicating instruments. 
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mocouples were station- 
ary, being placed in the 
bed of clay on each 
hearth deep enough that 
the scrapers would not pull them loose. Several 
tests were conducted to determine the difference in 
the temperature of the moving bed of clay, and the 
point where the thermocouples were placed. A sur- 
prising difference was found, and it was demonstrat- 
ed that the clay which was being moved by the 
scrapers was much higher in ‘temperature. After 
more experiments, it was finally decided that some 
method could be devised whereby the thermocouples 
could be placed in the moving bed of clay. 

By experimenting with several methods, it was de- 
termined that an arm attached to the rabble arms of 
the furnace could hold the thermocouples and by so 
doing, they could be placed directly behind one of the 
The wires leading to the 
indicating and recording instruments were placed inside 
the hollow rotating element, and the instruments were 
placed on the upper part of the driving gear platform 
and on the side of the shaft below the eighth hearth. 


scrapers on each hearth. 


After placing the trailing thermocouples, several ex- 
periments were conducted in order to determine at what 
temperature the clay should be processed to obtain the 
maximum efficiency. It was found that if the hottest 
hearth was carried over 1400° F., the clay was more or 
less glazed, and that the efficiency was much less than 
if it had been under-burned. The fineness of the grains 
apparently has no effect on the color removing prop- 
erties of the clay, and in the process as carried out at 
Barnsdall, a 60/90 mesh clay is specified. 

Clay which is used in the Gray towers at both the 
Barnsdall plants, located at Barnsdall and Okmulgee, 
when it has lost its efficiency, is shipped to the furnace 
for burning. It is never used as replacement clay in 
the Gray towers, but is utilized in the percolation filters 
in the manufacture of lubricating oils and bright stock. 
It is used again and again in the filters, and in some 
instances, the clay has been processed through the 
Wedge furnace and passed back to the filters as many 
as 50 times before being discarded. 
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p REVIOUS to November 11, 1931, Lion Oil Re- to control the rate of charge. The cold crude enters ff yap 
fining Company had been processing light the lower tubes in the exchangers, passing in multi- § jntr 
crude through a battery of shell stills for the ple, or through only one unit as found necessary. § whi 
recovery of the available gasoline and kerosene frac- By-pass connections are installed to control the flow § rem 
tions. This operation had been found expensive and through these units so that repairs may be made § jine 
inefficient, and to remedy the situation, to provide without shut-down. Leaving the top section of the § plat 
equipment through which this charging stock could shells, the heated crude is picked up by a booster § |ine 
be processed with minimum cost, the management pump which delivers it to the principal exchanger top, 
decided to construct a pipe still skimming unit, util- with hot flash-tower bottoms passing through the vari 
izing as much material in the plant salvaged stores tubes. Leaving the lower side of this exchanger, the Jf qua 
as possible. crude passes to the pipe still in the Burton battery. sene 
In the experimental stages when asphalt reduction A temperature of 250 to 275°F. has been gained by T 
vacuum equipment was first operated, two towers the charge in the series of exchangers. This still con- fror 
were installed which afterward proved unnecessary. tains 50 tubes, made from salvaged Burton tubes, inck 
Both contained bubble trays and caps, but not suffi- and in passing through these, the oil is heated to § jine 
cient in number for skimming plant operation. One 525/550°F. Led back to the flash-tower, it is flashed mul 
of.the towers was constructed from an old Burton to this shell above two bubble plates placed near the dus 
shell, 10x 20 feet, with part of another shell at- base of the tower. Six others were placed above this witl 
tached to one end which provided a supporting ring point, and the combined gasoline and kerosene va- fror 
when erected. A smaller tower was utilized in strip- pors are fractionated in passing through them. Steam the 
ping a side stream from the vacuum equipment, the js introduced in the base of the flash tower to facili- tion 
use of which was found not essential. In recondition- tate removal of all desirable fractions, while kero- ser 
ing the Burton battery of cracking stills, a few of sene from the accumulator tank is pumped back over and 
them were left on the original settings but not uti- the top of the flash tower to control the quality of user 
lized. One of the furnaces was remodeled, together the overhead stream. Four hundred degrees has int 
with salvaged Burton tubes, so that it could be uti- T 
lized as a pipe still for the new skimming unit. box 
Sufficient exchanger equipment was on hand, sal- and 
vaged from other units, with the exception of one is v 
large unit for flash tower bottoms to fresh crude ex- ano 
change, and two smaller ones for final condensation was 
of gasoline. With the purchase of three shell and spe 
tube exchangers and sufficient plates and caps for tow 
the flash tower and fractionator, the total to new in- K 
vestment was around $7,000. The plant as now op- thr 
erated processes 3500 barrels of Rainbow crude daily, sup 
and was constructed at a cost of $2.00 per barrel this 
throughput. Stor 
Following up the line of operation, the pumps in in 1 
the central pumping station which had been used in the 
the shell still battery were used as charging units cun 
for the new skimming plant. A line was laid from ; sec 
, : : Condensers and accumulators in skimming plant of Lion Oil : 
this room tu the new unit and a flow meter installed Refining Company, El Dorado, Arkansas. pla 
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been found sufficient for efficient distilla- 
tion and fractionation. 

Bottoms from the flash tower are led 
through the principal exchanger, in which 
they are cooled sufficient for storage. The 
over-head cut, consisting of nothing but 
kerosene and gasoline, is led through a 10- 
inch insulated line to the. fractionator. 
This, as stated before, was made from 
Burton shells and containing a few bubble 
plates with caps. Additional plates were 
made and installed so that the tower con- 
tained 12 when finished. 

Entering the side of the fractionator 
above the lower pair of plates, the gasoline 
vapors are driven from the kerosene by the 
introduction of live steam, the amount of 
which controls the quality of the kerosene 

Gaso- 
the 10 
plates are fractionated by pumping gaso- 


remaining in the base of the tower. 
line vapors ascending through 
line from the accumulator tank over the 
top, maintaining a temperature of 300°F., 
variable, of course, depending upon the 
quality of both the gasoline and the kero- 
sene. 

The fractionated gasoline cut, coming 
from overhead, is led through an eight- 
inch line to the two large crude-to-gaso- 
line vapor exchangers, passing through in 
multiple, or through either as operation 
demands. The exchanger section, placed 
within and upon a steel structure, made 
from heavy I beams rests upon and near 
the ground level of the plant. Smaller sec- 
tions than those utilized in exchanger 
service are used as final gasoline coolers 
and condensers, either of which may be 
used, or the stream may be passed through 
in multiple as in the exchanger sections. 
tanks with look 
boxes are installed immediately in front 


Three accumulator 
and close to the condensers, one of which 
is used in receiving the finished gasoline, 
another for the kerosene; while the third 
was intended as a receiving drum from a 
special side cut to be taken from the fractionating 
tower. 

Kerosene is taken from the base of the fractionator 
through a small cooler set on the base of the steel 
supporting structure, and flows by gravity through 
this equipment into the accumulator to run down 
Storage. Kerosene, as well as the gasoline, is held 
in the final coolers and condensers as a liquid seal; 


the material flowing downward then rising to the ac- 
Cumulators. Vapors not condensed in the gasoline 
section are removed through a two-inch line to the 
Plant vapor recovery unit. 
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Skimming plant of Lion Oil Refining Company at 
El Dorado, Arkansas. 


Charging stock for this unit is Arkansas Rainbow 
Crude, and when processed through the old shell 
still battery in the topping operation previous to the 
installation of the new unit, showed a recovery much 
less than now received. Gasoline is recovered to the 
amount of 20 to 24 per cent (depending on grade 
produced) kerosene eight per cent, both based on 
the crude charge in calculations. Economy in fuel 
consumption, operation supervision and freedom 
from trouble are the principal features of the new 
installation. The largest item in favor of the unit is 
the low cost. 
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Caustic Soda 


[PART II] 


andthe Petroleum Industr 


, NHIS topic might be logically divided into three 
parts based on the nature and purpose of the 
tests. In the first group are those tests by 

which chemical properties may be judged by physical 

characteristics ; that is by using the hydrometer and 
thermometer. These will be mainly the job of plant 
operators. 

In the second group may be included those tests 
which are of a chemical nature for the purpose of 
determining when solutions are spent, or the nature 
of the reaction performed in treatment. Rough cal- 
culations on purity may also be included in this 
group. 

In the third group we might place those tests 
which require extreme accuracy of analysis such as 
covering buyers specifications, and determining suit- 
ability for specific uses of a highly technical nature. 
These, of course belong to the laboratory, and in the 
case of division of organization in the laboratory, to 
the research department. We will take these three 
in the order named, taking each only so far as we 
feel that space and interest warrants. 

In the first group are included various charts and 
tables which are usually available to the chemist, 
but rarely found at the treating plant. These have 
for the most part been standardized by various trade 
associations or are made available through the 
courtesy of manufacturers and sales organizations 
mentioned previously in acknowledgments. Such 
tests may be valuable not only for preparing solu- 
tions of required strength for regular use, but also 
in the making of inventories and accounting charges 
from one department to another. 

Study of such tables readily shows that hydrom- 
etry in the case of caustic soda solutions is much 
more complicated than in the case of oils due to 
temperature and volume changes during dilution. 
For example, 100 gallons of 40 gravity caustic mixed 
with 100 gallons of water does not give 200 gallons 
of resultant solution, even allowing for changes in 
temperature, and temperature corrections are quite 
different for different solution strengths. The chem- 
ical explanation for these phenomena is shown in 
Figure 3 of the preceding article (Ref. & N. G. M., 
Vol. 11, No. 6—Aug., 1932, Page 446), showing freez- 
ing points of various solutions, and showing the for- 
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L. J. CATLIN 
Chief Chemist, Standard Oil Company 


of Kansas 


mula changing as to the amount of H,O in the 
molecule at various points on the concentration 
curve. These same peculiarities are found in sul- 
phuric acid. 


Other available tables furnish the information 
necessary for determining the amount of caustic soda 
in solutions when the gravity is known. These of 
course assume solutions of pure caustic, and such 
determinations cannot mean anything regarding the 
condition of the solutions after use, because little 
change takes place in gravity with chemical changes 
involving the percentage spent. Chemical testing is 
necessary in such cases. In case of checking up on 
shipments of liquid caustic, reference must be made 
to the terms in which it is quoted. 


Corrections for temperature in determining gravi- 
ties are perhaps subject to wider variation in actual 
practice than any other feature of hydrometry. Some 
allow one degree Baume for each 20 degrees above 
60°F, which is approximately true for oil; others 
allow one degree for each 30°F. above 60, etc. Neither 
of these practices is correct over the full range of 
gravities and temperatures, and errors of several 
per cent may be made unless the correct figures are 
used. 


The second group of tests, while ordinarily classed 
as chemical, and requiring apparatus belonging in 
the laboratory, may in some cases be made ad- 
vantageously at the treating plant by plant operators 
for control purposes. This group includes mainly 
the alkalinity tests, and here again may be divided 
into two classes, one requiring the use of standard- 
ized acids and giving results in actual percentages 
on the solution, and the other not requiring stand- 
ardized acid, and giving only relative percentages of 
the different alkaline components. 

Three forms of alkalinity are considered in fresh 
solutions, namely: hydroxide (OH), carbonate 
(CO,), and bicarbonate (HCO,). The simplest 
method of determining these is by titration with acid 
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Cold Treating Process for 
Cracked Naphthas; Standard 
Oil Company of California 








of such strength that about equal vol- 
umes of acid and alkali are required to 
the test. indicators are 
used: Phenolphthalein, which shows 
pink till all the hydroxide and half the 
carbonate is neutralized; and methyl 
orange, which is yellow till the remain- 
Hydrox- 


make Two 


ing carbonate is neutralized. 
ide and bicarbonate cannot exist in the 
In case of carbonate 
and bicarbonate, the first indicator 
shows only till half the carbonate is 
neutralized, and the second remains till 
the other half of carbonate and all the 
bicarbonate is neutralized. If the num- 


same solution. 





i ber of cc required for the phenolphthalein be repre- 


sented by P and the total of both parts of the titra- 
tion by T the following formulas may be used to 
calculate the amounts of the three forms considered. 
T—2 (T-P) 
ne ; x 100; 








% OH = 

T 
T—2P 

— x 100; 

T 

CO, in each of the above cases makes up the dif- 

ference between the percentage determined and 100 

per cent, disregarding impurities of other kinds. 





% HCO,= 


With a little experience this same set of titrations 
may be made on mixtures containing hydroxide 
(OH), sulphide (S), and hydrosulphide (HS), in 
which case HS is substituted for HCO, and S for 
CO, in the above formulas. The endpoint for 
pPhenolphthalein is less distinct than in the former 
case. 

If the strength of the acid is known, these same 
figures may be multiplied by a factor which will con- 
vert them to actual weights of the different com- 
ponents. Standardizing of acids is of course a job 
for chemists, and factors for use with them must be 
furnished by the same sourse, hence, it is not deemed 
necessary to go into further details in this paper. 


September, 1932—A Gulf Publishing Company Publication 








The double titration methods just described are con- 
venient and rapid for control purposes, but are not 
considered accurate enough where great precision is 
required as in checking buyers specifications. 

The following test methods belong under group 
two, but are strictly laboratory problems and will be 
described only in terms familiar to chemists. Stand- 
ard acid .5 N may be used in these determinations. 

Dissolve a known amount of the sample in freshly 
boiled distilled water and make up to a known 
volume from which convenient aliquots may be 
taken. 

(A) Total Alkali. Pipette out an aliquot correspond- 
ing to about 1 gram, or more if necessary, into a 
500 cc beaker. Add 3 drops of Methyl orange and 
titrate rapidly to the endpoint. This is merely a pre- 
liminary titration. Then take another aliquot and 
add 1 cc less of .5 N acid than required by the first 
titration, taking care not to lose any liquid by ef- 
fervescence. Cover the beaker with a watch glass, 
boil off the liberated CO,, cool, add 2 drops M.O. 
and titrate to the exact endpoint. In this titration, 
stir well when approaching the endpoint and add a 
drop at a time so that the color change may be 
sharp. 

(B) Caustic Alkah. Pipette an aliquot correspond- 
ing to 1 gram into a 250 cc beaker and add 100 cc 
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of 10% BaCl, solution. Stir thoroughly, add 5 drops 
of Ph. indicator and titrate cold with .5 N acid. If 
the sample contains hydroxide it cannot contain bi- 
carbonate. In this case subtract the titration required 
by the hydroxide from the titration of the total 
alkali and calculate the difference to carbonate. 

1 ce .56 N acid = 0.02001 grams NaOH 

= 0.02650 “ Na,CO, 
= 0.01550 ae 

(C) Bicarbonate. Pipette an aliquot corresponding 
to 1 gram into a 250 cc beaker and titrate with .5 N 
NaOH solution until a drop of the solution added 
to a drop of AgNO, indicator (10% solution) on a 
spot plate gives a dark coloration at once. Calculate 
the titration to bicarbonate. 1 cc .6 N NaOH = 
0.04201 grams NaHCOQ,,. 

(D) Sulphide and Hydrosulphide. 
titration for total alkali as in A and calculate to 
Na,O. Then test for sulphide as follows: Pipette 25 
cc of sample into beaker of about 300 cc capacity. 
Do not dilute with water. Run in from a burette an 


First make the 


amount of ammonical AgNO, solution as close to 
the saturation point as can be estimated. (This can 
be done from a preliminary titration). Then shake 
the contents of the beaker for two or three seconds. 
This causes the black Ag.S to separate in thick lumps 
from clear solution. Add another drop of AgNO, 
solution from the burette. If this forms a heavy pre- 
cipitate where the drop comes in contact with the 
solution, add a few more drops, shake, and repeat 
until only a faint cloud appears in the clear solution. 
If the beaker is held over a white sheet of paper, the 
end point may be easily determined within a single 
drop. The next drop after the end of the titration 
will remain as a clear colorless spot surrounded by 
the faintly distributed precipitate in the pale brown- 
ish solution. 

Note—lf the silver solution is added in excess at the 
start it will not form a dense precipitate and mar the 
sensitiveness of the endpoint. 

Ammoniacal silver nitrate solution. Dissolve 87.07 
grams of pure AgNO, in distilled water. Add 250 cc 
concentrated NH,OH and make up to 1 liter. Keep 
protected from strong light and away from heat. 1 cc 
of this solution is equivalent to .02 gram Na,S; or 
.0133 gram Na,O. 

Calculate to Na,O and find the difference between 
this and the total alkali as in A. NaOH and NaHS 
cannot exist together, hence Na,O from A minus 
Na,O from D equals Na,O as NaOH. Or if D is 
greater than A, the difference equals Na,O as NaHS. 

Note—tThe calculations in D assume a case where 
H,S removal is the prime reaction considered, and 
does not take into account the fact that Na,CO, 
might be present, but if such were the case its value 
for neutralizing the H,S would correspond to that 
of NaOH and the result would be the same. 





Where the practice of restoring spent doctor soly. 
tions by air-blowing is followed, a portion of the 
caustic is consumed by conversion into sulphate and 
thiosulphate. To determine the extent of this con. 
version, the following tests have been used: 


Thiosulphate. 50 cc of clear doctor solution in a 25) 
cc beaker is first made slightly acid with HCI and 
cooled to allow precipitation of PbCl,. After filter. 
ing, the filtrate is made up to 500 cc. Take 100 ce 
of this solution and add a measured amount of .1 N\ 
iodine solution till sufficient is present to give a 
permanent color of iodine. Titrate this excess of 
iodine with .1 N Na,S,O, using starch solution as 
indicator. The difference between .1 N iodine added 
and thiosulphate used in the titration gives the 
amount of iodine consumed by thiosulphate already 
present in the doctor solution. The number of cc 
thus consumed multiplied by .062 equals Na,O; and 
by .080 equals NaOH in grams per 100 cc of doctor 
sample. 

For sulphate another 100 cc portion is taken from 
the 500 cc above mentioned, and boiled to expel all 
SO, gas. Test again for acidity, and make acid with 
HCl if necessary. BaCl, is then added hot, and the sul- 
phate precipitated as BaSO,. This precipitate is al- 
lowed to stand several hours and then caught ona 
gooch filter, or burned in an ashless filter paper and 
weighed. 


Grams BaSO, x 3.043 = grams Na,SO, 
x iss=— “ WNaO per 100 ce 
x 1.715 = “ NaOH 


doctor sample, which has been lost as sulphate. 

The third group of tests mentioned in the begin- 
ning are perhaps beyond the scope of routine for the 
average refinery laboratory, but might at some time 
be required. Full details of analytical practice as 
carried out by manufacturers, may be found in “Sol- 
vay Bulletin No. 2” by The Solvay Process Con- 
pany. Among other points where greater than usual 
care is taken in the analysis as previously outlined, 
may be mentioned the taking of the sample, which 
must be taken in such a way as to be thoroughly 
representative, and free from gaseous pollution, as 
from CO, and H,S; also in the method for determin- 
ing the different forms of alkalinity, where carbon- 
ate is determined by a process of CO, evolution and 
measurement. In Bulletin Number A by the same 
company is to be found full details for preparation 
of standard analytical reagents of different normal- 
ities. 
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Skelly Plant Specially Designed 


To Extract Propane 


J. C. ALBRIGHT 


KELLY Oil Company is one of the larger manu- 
~ facturers of natural gasoline operating special 

equipment in the manufacture and fractionation 
of this material into special products. Three years ago 
the company installed new equipment in the absorption 
and fractionation end of its plant at Lyman in the Bur- 
bank area, northern Oklahoma. This equipment includes 
an absorber, designed by Petroleum Engineering, In- 
corporated, which has five tubular elements incorporated 
in the lower part of the tower which may be utilized 
either with steam or cold water. With a regulated 
steam volume passing through the elements, the ab- 
sorber operates as a fractionating tower, driving the 
lower boiling fractions from the rich mineral seal oil 
before it is trapped to the surge tank on its way to 
the stripping stills. The vapors then leave the upper 
part of the tower with the residue gas. When cold wa- 
ter is circulated, the lowered temperature of the mineral 
seal oil makes it more responsive to the absorption of 
the lower boiling fractions, and removes practically all 
the propane and some ethane from the gas charged to 
the tower from the compressors. 

This especially designed absorber was installed to 
produce more propane, marketed by this company under 
the trade name “Skelgas.” Near this tower are two 
others, one of which is termed the “Skelgas tower” as 
it is utilized in the manufacture of this product in the 
first stage of the fractionating process. The liquid prod- 
uct accumulated in the run tanks on the outlet of the 
vapor coils leading from the stills and dephlegmators 
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is charged directly to this fractionator through a heat 
exchanger. The vapors coming from the run and surge 
tanks which contain the raw product are processed 
through two compressors, one of them being designated 
as the low re-compressor, and the other the high re- 
compressor. The vapors from the low machine are 
cooled and a part is condensed in this phase. The liquid 
is trapped to the surge tank from which the raw charge 
is taken. The uncondensed fractions coming from the 
low re-compressor accumulator tank are led to the suc- 
tion of the high re-compressor and compressed to about 
300 pounds. The discharge leads directly to the “Skel- 
gas tower” without passing through condensers or cool- 
ing units. The hot vapors are fed to the tower through 
a blending column utilized also as a manifold through 
which the combination feed of liquid and vapors may 
be introduced to the tower at different points. The idea 
of charging uncooled vapors to the tower is that it 
eliminates condenser sections and the necessity of heat- 
ing the charge through preheaters after it has been 
condensed. 

A reboiler placed near the base of this tower heats 
the bottom product to about 260° F., while the tower 
pressure is maintained at about 280 pounds. The vapors 
coming from the overhead line are condensed as almost 
pure propane. Reflux is taken from the accumulator 
tank through a Dean Brothers close clearance steam 
pump and discharged back over the tower to maintain 
a top temperature of approximately 165° F. Two prod- 
ucts are removed from this tower, the overhead cut be- 
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ing raw Skelgas and the other a depropanized bottom 
product. The raw Skelgas is led to storage provided 
with weathering coils which eliminate the ethane as it 
is being prepared for bottling or shipping in special 
tank cars. 

The bottoms from this tower are passed to the second 
tower in this series, through a heat exchanger and di- 
rectly to the column to manufacture two other products. 
The overhead product is butane in varying quantities, 
as determined by the quality of the base product desired. 
The overhead stream is condensed as reflux and is also 
utilized in a carbureting process to augment the volume 
of residue gas passed back to the field and for fuel in 
the compressor room and boiler house. 

These two towers are controlled by automatic instru- 
ments, throughput, temperature and pressure being held 
constant after a set of working conditions have been de- 
cided upon. About 30,000 gallons of raw natural is fed 
to these two towers daily, being separated into three 
distinct products; propane sold under the trade name 
of Skelgas, butane, and commercial natural gasoline. 

The lower boiling fractions are stored in high pres- 
sure tanks. The propane storage is equipped to treat 
the commercial liquid fuel with stenches. This is done 
in bulk previous to placing the product in cylinders for 
shipment. 

If special products are to be separated from the fin- 
ished gasoline, it is processed through the third frac- 
tionating tower. This special tower is set near the stor- 
age battery and some distance from the other plant 
equipment. Its operation is independent of the other 
towers, and the products coming from it are all closely 
fractionated into a variety of cuts. 

Tanks are provided in which the grade AA gasoline 
is received for utilization through this tower. Its opera- 
tion may be continuous or batch—continuous in that a 
predetermined volume of liquid is 
selected to be passed through the 


: atch i Z ry one P 
column, and batch in that only or cial svadicetn 


Showing condenser and kettle ar- 
rangement in relation to the spe- 


under a predetermined set of operating conditions which 
permits only the removal of the butane from the batch 
in process. This cut is taken from the overhead stream 
and condensed as a special product and received in the 
accumulator. From this accumulator, a supply is taken 
through a Dean Brothers 8 x 5 x 12 close-clearance 
steam pump and passed over the tower as reflux. The 
rate is regulated in such manner that all the higher 
boiling fractions in the charge are prevented from com- 
ing over with the butane. 


A number of special products are manufactured 
through this tower, some of which are classified as 
“Skellysolve,” each grade being designated by a letter, 
as Skellysolve, A, B, C, D, E, etc. Each product is 
made through the tower under a different set of operat- 
ing conditions ; temperature, rate of feed, pressure and 
reflux to feed ratio. If, for instance, pentane is to be 
removed essentially pure from the debutanized product, 
the charge containing pentane and heavier products is 
picked up from the tanks in which it was placed in the 
debutanizing operation, charged to the tower through a 
Dean Brothers 6x 3x 12 steam pump. As the tower is 
brought into equilibrium, the feed is automatically con- 
trolled through automatic controllers. Likewise, the tem- 
perature of the kettle is maintained constantly by the 
admission through these controls of the proper amount 
of steam. Pressure on the column is brought up to the 
working condition and maintained through automatic 
instruments placed in the vapor line between the over- 
head outlet of the tower and the condensers. Reflux is 
picked up from the accumulator tank and consists of 
the overhead cut removed from the charge through the 
tower. 

If the other higher boiling fractions are to be sepa- 
rated from the base product, it is processed through the 
tower in a similar operation, but of course, other operat- 
ing conditions must be set up which 
will provide the temperatures and 


cain at lene. pressures together with the reflux to 


finished product is removed during Oklahoma. feed ratio necessary in the fractiona- 
each operation cycle. If the charge tion of the overhead stream from the 
of gasoline passed through the ee column charge. When the operation 
column is only to be debutanized, two conditions have been provided, the 
products are removed; the overhead action of the tower is practically au- 
stream coming through the con- tomatic, continuing through the op- 
densers as butane, while the base eration cycle without the necessity of 
product contains the higher boiling frequent adjustments. 

fractions. The purpose of the tower rs The special products removed 
is to prepare essentially pure frac- = from the charge are either shipped 


tions, removing the lower boiling 
fractions in succession in the over- 
head stream in each successive opera- 
tion cycle until the selected charge of 
gasoline has been split up into its 
component parts. 

If the cycle is to debutanize the 
product, the charge is pumped 
through the exchangers and tower 
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as manufactured, or blended to ob- 
tain the proper boiling range not 
found in individual cuts. They are 
distributed in containers all the way 
in capacity from half pint cans to 
tank car loads, ranging all the way 
up the boiling range of petroleum 
products from propane to the heavi- 
est fraction found in natural gasoline. 
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Novel Design of Stabilization 


HEN the Rock Island Refining Company de- 

cided to install a vapor recovery plant at its 
refinery six miles south of Duncan, Oklahoma, equip- 
ment which operates somewhat out of the ordinary 
was selected. This plant was designed as a straight 
compression unit in preference to an absorption 
plant, utilizing a fractionating tower through which 
all the liquid condensate is pumped after being blend- 


fed in a special manifold with the high pressure 


vapors delivered through the second stage compres- 
sor. The stabilized product removed from the re- 
boiler moves under process pressure through the 
gasoline interchangers and to the plumbite treating 
unit without the aid of intermediate or booster 
pumps. 

Three compressors were set in the main building 
which also houses the gasoline charging, reflux and 
water circulating pumps. Two of the engines are 
Clark Brothers gas-injection-fuel-feed with inverted 
power cylinders which provided for vertical exhaust 
stacks. These engines, one provided with a low pres- 
sure compressor cylinder for handling under the 
first stage of compression, (practically all of the re- 
vapors) and the other fitted with a smaller 
diameter boosts the vapors 
alter being separated from the more stable fractions 
to 250 pounds. The third compressor is a small Penn- 
sylvania Pump & Compressor Company unit driven 
by a 30-horse power 220-volt Wagner motor. It is 
utilized in compressing those vapors which are sour 
and corrosive, but the liquid condensate from this 


finery 
compressor cylinder, 
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Vapor recovery plant, Rock Island .Refining Company, Duncan, Oklahoma 


Kquipment 
AT OKLAHOMA PLANT 


unit is blended with the product of the intake cooling 
coils and that produced under the first stage of com- 
pression. 

One corner of the compressor room is separated 
from the compressors and water pumps by a vapor 
proof wall. This was accomplished by placing a 
wood partition and covering it with sheet steel fac- 
ing. This light gauge iron was nailed to both sides 
of the wall, and to the ceiling, sealed further by plac- 
ing moulding around the corners and on the floor. 
This compartment is utilized for ‘the gasoline pumps, 
both tower charging and reflux, and contains most 
of the recording and control instruments. 

The plant gathering lines are laid to all the run 
tanks accumulators and storage tanks in the crack- 
ing and skimming units of the refinery. Coming in 
under practically atmospheric pressure, they are di- 
rected through Griscom-Russell Bentube — sections 
before being taken up by the low stage compressor, 
and passed through a scrubber or drip tank to se- 
parate those fractions which may condense under 
this pressure and temperature. The discharge from 
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the low stage compressor is passed 
through a set of cooling units and 
the condensate received in an ac- 
cumulator as in any other compres- 
sion plant. Those vapors handled 
by the Pennsylvania type compres- 
sor are cooled in the same kind of 
units, and the condensate accumu- 
lated in a small vertical run tank 
placed just outside the compressor 
building. The condensate accumu- 
lated in this drum is dumped 
through a Crane Tilt trap, picking 
up the liquid at 15 pounds gauge 
pressure and through a peculiar ar- 
rangement built into the discharge 
of the trap, this liquid is boosted to 
85 pounds to be placed in the com- 
mon surge or blending tank before 
being picked up by the charging 
pump. 

The high pressure compressor 
takes the vapors directly from the 
gas outlet of the low stage accumu- 
lator and compressing them to the 
tower pressure of 250 pounds, dis- 
charges them directly into the col- 
umn through a blending device, 


fining 


without being passed through cooling or condensing coils. 

The gasoline as it is blended in the surge tank is 
picked up by a Dean Brothers close clearance recip- 
rocating steam pump and discharged at the column 
pressure of 250 pounds. It passes through a sepa- 
rate line than that occupied by the residue gas, or 
that vapor handled by the high stage compressor, 
but mixes with it in the blending column placed on 
the side of the fractionator. 

As the gasoline is introduced into the fractionat- 
ing tower in common with the vapors leaving the 
discharge of the high pressure cylinder, they blend 
with each other and enter through one of four open- 
ings. The bottom connection is ordinarily used, 
placing the vapor and liquid blend nearer the base 
of the fractionator. Liquid falling through the lower 
portion of the tower runs to the base and out through 
an insulated pipe connection to the reboiler set a 
short distance from the tower. The gas introduced 
flows upward in counter current to the decending 
reflux and the fractions desired are thrown back to 
flow to the base of the tower. 

All the fractions discarded from the composition 
feed leave the top of the tower through a residue 
line in which is placed a Fisher back pressure regu- 





Plumbite treating and run tanks with 


tower in foreground, Rock Island Re- 
Company’s 


Duncan, Oklahoma 
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lator which maintains the prede. 
termined column pressure. This 
residue, containing the propane and 
other fractions separated from the 
column feed is passed through 
set of Bentube sections in which 
the reflux liquid is condensed. 
Excess gas, and the lower boiling 
fractions which will not condense 
at 250 pounds are vented from the 
reflux accumulator to the plant fuel 
lines and burned under the stills 
and boilers. 

Reflux condensed in the coolers 
is retained in the accumulator tank 
from which a_ sufficient portion 
is picked up by the Dean Brothers 
close clearance pump and dis- 
charged back over the tower. The 
excess liquid is trapped from the 
tank through a Fisher float con 
trol valve which flashes it to the 
plant fuel lines with the residue 
gas from the upper part of the ac 
cumulator. 

Steam for utilization in the re- 
boiler is admitted through a Fisher 
valve placed in a by-pass on the 
line leading to the elements in the reboiler. The 
thermometer well in which the temperature rgulat- 


recovery _ plant, 


ing instrument is placed is on the upper side oi 
the kettle near the vapor outlet. A Foxboro recorder 
controller is actuated by this thermometer setting 
and controls the opening of the valve in the steam 
line. The condensate formed in the reboiler element 
is removed at the opposite end through an Armstrong 
steam trap. 

Water which is sprayed over the louvre tower !s 
handled by a Goulds single stage centrifugal pump 
set in one corner of the main building, driven by 3 
20-horsepower Wagner, 220 volt, motor. The cooling 
water for the jackets of the power and compressot 
cylinders is pumped from the pit by a Goulds single 
stage centrifugal pump, also driven by a Wagner 
motor, but. only five horse power is needed. 

The finished gasoline is removed from the reboiler. 
through a Fisher float control valve, the float mait- 
taining a predetermined level in the reboiler drum. 
This gasoline after leaving the reboiler, passe 
through two sections of gasoline interchangers and 
is sent to another part of the yard for treating. The 
installation was designed by Petroleum Engineering, 
Inc., Tulsa, Oklahoma. 
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The Restricted Oxidation of 


Hydrocarbon Material 


I. N. BEALL 


Chemical Engineer 





EACTIONS that take 


: would be to cool by jetting a cold 





place in the vapor phase 
close attention 
as to of temperature, 
time, pressure and the propor- 
tions of constituents in the re- 
action mixture. Due to their 
sensitive nature, vapor phase 
reactions behave best under 
continuous processing. 


require 
control 


In the gaseous state, the po- 


tentially reactant molecules 


PART IV 


Reactions That 


Take Place in 
the Vapor Phase 


gas into the mixture. 
Lowering the temperature 
at which ignition takes place 
by an increase of pressure and/ 
or the admixture of an ignition 
agent provides a method of at- 
tack prior to reaction. That is, 
the effort would be to keep the 
reaction temperature from ris- 
ing too high by lowering the 
ignition temperature. The tem- 








are highly energized and the 
greatest intimacy of contact is 
afforded, therefore, the speed of reaction is high, 
often attaining explosive violence. In homogeneous 
gaseous reactions such as occur when hydrocarbons 
ire oxidized, the readjustment of the molecular ele- 
ments suddenly releases enormous quantities of en- 
ergy in the form of heat. 
energy is a phenomenon the mechanics of which is 
At just what stage molecu- 
lar energy is converted into heat energy and how, 
isas yet undetermined. 


This release of molecular 
a controversial subject. 


There are at present a great 
many references to “hot” molecules. Whether or not 
the new formed molecules are “hot” is a matter of 
question, but there can be no doubt but that the im- 
mediate vicinity surrounding the zone of action is 
“hot.” 

In exothermic reactions which take place in stages, 
the amount of heat liberated at an early stage may be 
sufficient to raise the temperature of the potentially 
reactive unreacted portions above the optimum for 
the first stage or the intermediate stages. It is al- 
ways desirable to get a uniform and homogeneous 
reaction throughout the reactive system but to do so 
requires a uniform elevation of temperature through- 
out the mass to that of “ignition”. Uniform ignition 
ol carburetted air may be made to take place by 
‘ompression, as in a Diesel engine. 

In order to control the reaction temperature of an 
exothermic gaseous system so that it may not go 
‘00 high several methods suggest themselves. One 
method would be to cool by expansion, another 
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perature control, however, 
need not be limited to the 
period prior to ignition. Means should be provided 
for the control of temperature both prior and subse- 
quent to ignition. With the temperature control es- 
tablished, the period of reaction may be varied 
rather easily in a continuous process by the simple 
expedient of increasing or decreasing the rate of 
flow. In case cooling subsequent to ignition is to be 
attained by means of metal tubes surrounded by a 
cooling medium, the surface area exposed should be 
consistent with the requirements of heat exchange 
based upon the quantity of heat liberated by the 
reaction. 


AUTO IGNITION 

Ignition of reactive gases may be made to take 
place by a “spark” or by uniformly raising the tem- 
perature. Mixtures of hydrocarbon gases and air 
(oxygen) may be ignited by increase of pressure 
without increase of temperature. In so far as per- 
tains to any given combustion mixture of hydrocar- 
bon and oxygen the ignition temperature is not fixed 
but may be increased or decreased by varying the 
pressure on the system. 

The explosion limits may also be increased or de- 
creased by variation of pressure. Pressure aids also 
in the polymerization of the olefins which are formed 
by oxidation or cracking of the saturated hydrocar- 
bons. Ipatiew showed that the unsaturated gases 
such as ethylene and isobutylene undergo polymeri- 
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zation to liquids at 1050 pounds per square inch and 
at temperatures between 716°F. and 752°F. 

The knocking tendency of motor fuels has been 
attributed to low auto ignition temperatures. It is 
well known that the auto-ignition temperature may 
be raised by the addition of small amounts of such 
reagents as lead tetra-ethyl, iron carbonyl, etc. It 
may be lowered by the addition of small amounts of 
such agents as nitrous oxide, chlorine, bromine, io- 
dine, etc. The organic peroxides are also suitable 
reagents for lowering the auto-ignition temperatures. 
In the restricted oxidation of saturated hydrocar- 
bons for the production of partially oxidized hydro- 
carbons lower ignition temperatures are advantage- 
ous. The anti-knock properties of alcohols and ben- 
zene are attributed to their high ignition tempera- 
tures, so it is not likely that they would react before 
the hydrocarbons. 

The lower members of the saturated hydrocarbons 
have higher ignition temperatures than those of 
higher molecular weight. Kerosene has a much 
greater tendency to “knock” in an automobile en- 
gine than gasoline. This “knock” effect may be ac- 
counted for by a pre-ignition taking place prior to 
the spark. That is the heat of compression and the 
increased pressure cause pre-ignition. It has been 
found that the heavier hydrocarbons oxidize more 
readily and at lower temperatures even in the liquid 
or solid states. 

Aside from the influence of pressure on the pro- 
portion of hydrocarbon possible in a combustion 
mixture and its effect on the lowering of ignition 
temperature, pressure may also be used to cause the 
products of partial oxidation to predominate over 
those of complete combustion. 

In reactions that take place in stages a definite 
time must be allotted for each stage, however, short 
the period. The problem of heat transfer is more 
serious for gas reactions than for liquid reactions be- 
cause of the low overall coefficient. In reactions 
which are strongly exothermic it becomes necessary 
to get a homogeneous reaction throughout the mass 
and then rapidly subject the entire mass to rapid 
cooling. There can be no question that the heat must 
be quickly dissipated if the reaction is to be under 
control. In the partial oxidation of the gaseous hy- 
drocarbons “cracking” may be effected by internal 
combustion. This “cracking” effect may be further 
assisted by preheating the gases prior to the reaction 
zone and contacting within the reaction zone. The 
combustion of a relatively small amount of the gase- 
ous hydrocarbon would suffice to bring the remain- 
der to the temperature at which pyrolysis occurs. 
Where air is used, the bulk of the unreacted nitro- 
gen is no serious obstacle as the desirable constitu- 
ents may be separated from it by physical or chem- 
ical absorption at some stage of the process. 
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By “cracking” the gaseous hydrocarbons with the 
aid of internal heat, temperatures suitable for the 
formation of the aromatic hydrocarbons may be 
easily attained. At lower temperatures from 620°F, 
to 750°F. and at 70 atmospheres, the unsaturated 
gases polymerize into a greenish liquid of wide boil. 
ing range resembling crude oil which contains the 
higher saturated napthene and unsaturated hydro. 
carbons. Without elevated pressure there is no poly- 
merization regardless of the temperature used. 


PRESSURE EFFECT ON GASEOUS REACTIONS 


A search of the literature reveals but little system. 
atized information as to the effect of pressure upon 
chemical reactions. On the other hand a vast amount 
of study and investigation has been devoted to the 
effect of temperature. Most of our present fragmen- 
tary but rapidly increasing store of information on 
high pressure as to its effects upon chemical reac. 
tion has come from cooperation between chemists 
and engineers. The chemical engineer has coord: 
nated the highly developed technique of the mechan- 
ical engineer and the highly specialized training oj 
the physical chemist. High pressure reactions are 
not suited to the glassware of the ordinary chemical 
laboratory. The highly theoretical and mathematical 
teachings of Vant Hoff, Le Chatelier and Nernst on 
the thermodynamics of chemical reaction first d- 
rected the attention of the chemical fraternity to the 
possibilities of elevated pressure as an aid to synthe- 
sis and reduced pressure as an aid to decomposition 
Prior to this the systematic and highly commendable 
investigations of W. Spring (1878-1885) using pres 
sures as high as 2000 atmospheres to cause reactions 
between high comminuted solids had met with much 
criticism. Likewise the experiments reported by 
Stillingfleet Johnson in 1881 on the synthesis of an- 
monia from nitrogen and hydrogen was disregarded 
even by as great an authority as Mendeleeff (Pmt 
ciples of Chemistry, 7th Russian Ed. English Trans 
lation, p. 263, 1905). 

Vant Hoff’s theory of mobile equilibrium embrases 
the effect of temperature, of pressure and of cor 
centration, upon the course of chemical reaction. The 
pressure constant, Kp, as evaluated from the equ 
tion: 


= 





log Kp = 





(21 —=N) 41.25 10g T+ 
4.571T 


(2c = NC ] 


is a mol ratio of the products of reaction to the reat 
tion materials. Le Chatelier extended Vant Hoffs 
principle to include the effect of external forces 
an active chemical system in a state of mobile equi 
librium. The mathematical representation of Le 
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Chatelier’s extension of Vant Hoff’s theory may be 
written, 





dT 
x10 f o— —+ (NN) in (P) + in 
T 2 





where Q = the total heat of reaction corresponding 
to the absolute temperature T of reaction and N == 
the relative number of molecules of the initial reac- 
tion mixture and the products of reaction, respec- 
tively. 
P = The absolute pressure in atmospheres. 
n and n = the relative number of molecules on the 
left hand side of the chemical equation participating 
in the reaction n, and n, = the relative number of 
molecules on the right hand side of the equation par- 
ticipating in the reaction. 
C and C, = the concentration or active masses on 
the right and left hand side of the equation respec- 
tively. 

The integrated equations of the form, 


Vw. fren 








log K p — log Kp == 











2.303 R rs 
and 
Cs... (bee Z) 
log K c — log Kc = — —- 
2.303R (TT) 


are useful for the prediction of the effect of varying 
pressure and varying concentrations on the ratio of 
the substances on the right and left hand sides as 
represented by thermo-chemical equations. 

The following generalizations may be said to ap- 
ply to gaseous reactions such as occur in the re- 
stricted oxidation of hydrocarbons: 

1. An increase in density of the gaseous reaction 
System, such as results from an increase of pressure 
at constant temperature speeds up the rate of chem- 
ical change and retards the time for explosion. 

2. An increase of pressure at constant temperature 
promotes reactions that result in a system of mole- 
cules occupying less volume than the original reac- 
tion mixture. (Products of high molecular weight 
and “apparently” higher molecular weight from 
those of lower molecular weight). 

3. An increase of pressure for a given reaction 
mixtures will lower the ignition temperature. 

4. Auto-ignition may be caused by isothermal com- 
pression. 

). Increasing the pressure opposes the tendency 
toward decomposition due to elevation of the tem- 
perature. 

6. An increase of pressure increases the amount 
of hydrocarbon that will react with oxygen and 
Widens the explosion (combustion) limits. 

7. For a given combustion mixture an increase of 
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pressure will cause an increase in the maximum re- 
action temperature. 


8. An increase in the concentration of hydrocar- 
bon to oxygen tends toward an increase in yield of 
oxygenated hydrocarbons and under proper condi- 
tions of time, temperature and contact control, high 
yields of normally liquid oxygenated and non oxy- 
genated hydrocarbons are obtained. 


REACTION INITIATORS 


The reaction between oxygen (air) and gaseous 
hydrocarbons may be initiated by the addition of 
nitrogen oxides. The nitrogen oxides constitute a 
rather interesting series of compounds. The lowest 
oxide of nitrogen, nitrous oxide, or “laughing gas” 
has the formula N,O. The primary reaction of ni- 
trous oxide is probably N,O ~ N,-+ (-O-), that is, 
decomposition into molecular nitrogen and atomic 
oxygen. The atomic oxygen may either unite to form 
molecular oxygen or in contact with a saturated hy- 
drocarbon produce a first order oxidation. For ex- 
ample with ethane, the reaction may be, 


C,H, + (-O-) > G,H,OH 
or 

C,H, + (-O-) spo C,H, + H,O 
or with two molecules of ethane 


2C,H, + (-O-) te C,H, + H,O 


Although the nitrogen in nitrous oxide N,O is in 
a lower state of oxidation than either that of nitric 
peroxide (NO,) or nitric oxide (NO) and its oxidis- 
ing potential is less, yet nitrous oxide reacts more 
readily and its not as sluggish. Nitrous oxide can 
therefore be used to advantage to initiate reactions 
between oxygen and hydrocarbons at relatively low 
temperatures. Once initiated, such reactions gain 
momentum sufficiently to carry on. The “spark” is 
thus homogenously admixed with the gases of re- 
action. Nitrous oxide, when admixed alone with me- 
thane and subjected to compression and heating, will 
produce a number of liquid oxidation products. Its 
importance in studying the oxidation of gaseous 
paraffin hydrocarbons under pressure and heating 
has apparently been overlooked. There is not the 
same tendency toward the formation of the nitro 
paraffins as the action is rather one where nitrogen 
is all free and the oxygen alone acts upon the hydro- 
carbon. 

The nitrogen in nitric acid and in the nitrates is 
in its highest state of oxidation. The equation for 
the production of nitric acid may be written as N,O, 
+ 2H,O ~ 2HNO, where the N,O, may be regarded 
as being derived from nitric peroxide in accordance 
with the equation 3NO, ~ N,O, + NO. 


Nitric acid will react upon methane yielding nitro 
methane in small quantities at low pressures. The 
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yield of nitro-methane may be increased by increase 
of pressure and by thorough contacting. 
The reaction may be written as follows: 
H,C .H + HONO, > H,C .NO, + H,0O. 
On reduction with hydrogen nitro-methane yields 
methyl alcohol and hydroxylanime 
H,CNO, + 2H, ~ CH,OH + NH,OH 
Similarly from ethane, ethyl alcohol may be pro- 
duced by the use of nitric acid and hydrogen. 
Layng and Soukop (Journ. Ind. and E. Chem. Vol. 
20, p. 1052, 1928) obtained fair yields of methanol 
by the direct action of nitrogen peroxide upon me- 
thane. 
follows: 


CH, + NO, > CH,OH + NO. 


The action of nitric oxide (NO) admixed with suf- 


The reaction, at least in part is probably as 


ficient air to convert it to NO, is stated to convert 
methane to formaldehyde where the NO, to CH, 
ratio is 2 to 1. (Bailey, U. S. Patent 1,319,748 
(1919)). The gases were passed through a metal 
tube at high temperatures. By using vapors of nitric 
acid and air admixed with natural gas yields of for- 
maldehyde as high as four per cent as calculated on 
the basis of the total carbon present are reported by 
Bibb and Lucas (J. I. E. C. Vol. 21, p. 633, July, 
1929), at temperatures between 600°C and 750°C. 
By fractional distillation it is claimed that the prod- 
uct by this method contains methanol in the ratio 
of 1 to 5 of the formaldehyde present. These inves- 
tigators state, “The superiority of nitrogen oxides 
as catalysts tor the partial oxidation of methane in 
comparison with most solid catalysts may be due in 
part to its physical state.” In the strict sense of the 
word, the oxides of nitrogen are not catalysts for the 
oxidation of true catalyst 
“changes the speed of a chemical reaction without 


hydrocarbons as a 


itself undergoing a change in either quantity or com- 
position.” 

Berl and Fischer found that when methane and 
nitrogen pentoxide (N.O;) were subjected to com- 
bustion, formaldehyde was produced. (Z. Angew 
Chem., 36,297 (1923)). The equation for this reaction 
may be written as,— 

CH, + NO; ~ H.CHO + H,O + N,O,. 

In connection with the activity of nitrogen perox- 
ide as a promoter of reaction between mixtures of 
air and hydrocarbons, it is of interest to note that 
(Mandles, J. Chem. Soc., 872 (1928)) found that this 
substance caused intensified knocking in an internal 
combustion engine. It is probable that auto ignition 
was caused by compression prior to the “spark.” It 
is the writer’s experience that such mixtures are 
easy to “fire” by compression without the use of a 
spark plug. 

At comparatively low temperatures nitrogen pe- 
roxide has been found to slowly oxidize paraffin wax. 
At temperatures between 230°F and 302°, and at- 


498 





mospheric pressure, Granacher, Helv. Chem. Acta, 
3,721, (1921) found that mixtures of fatty acids were 
produced. A somewhat similar action has been 
noted between concentrated nitric acid and hydro- 
carbons of series other than the saturated. (Worstall, 
Am. Chem. Journal, 20209, (1898); Ibid. 21,213 
(1899)). 

The oxides of nitrogen have been detected in the 
combustion products of gas analysis (hydrocarbon 
gases and air) although the original materials con- 
tained none. (Jones and Parker, Jour. Ind. and Eng. 
Chem., p. 1154, Vol. 13, (1921)). These investigators 
found the above to be true for both slow combustion 
and expiosion methods of analysis. Bone, Townend 
and Newitt, “Gaseous Combustions at High Pres- 
sures” Chapter XX, account for the chemical activa- 
tion of the nitrogen in the combustion of air and 
carbon monoxide at elevated pressures from “ 
tion absorption” effects. In such an “excited” state, 
nitrogen is stated to readily combine with either hy- 


radia- 


drogen or oxygen. 

Nitric oxide was reported found in the combustion 
products of carbon monoxide and air by no less au- 
thorities than Haber and Coates. Rei. Zeitung. 
Physik. Chem., 69,337 (1910). It is therefore highly 
probable that the oxides of nitrogen are formed at 
some period during the slow or rapid combustion of 
mixtures of natural gas and air, particularly so in 
case high pressures are used. The exhaust gases 
from automobile engines have been found to contain 
nitrogen oxides by Yant. Ref. Egloff, Schaad and 
Lowry, J. I. E. C. Ang. (1929). A recent investiga- 
tion by A. E. Hershey (J. I. E. C. Vol. 24, p. 870, 
August, 1932) using an improved temperature meas- 
uring technique has shown that maximum tempera- 
tures as high as 4596°F are attained in explosions in 
an internal combustion engine. Such high temper- 
atures should favor the formation of oxides of nitro- 
gen and the subsequent rapid cooling by expansion 
should retard their decomposition. 

Decreasing the theoretical quantity of air required 
for complete combustion, in general may be said to 
lower the maximum temperature to which an ex 
ploded mixture of hydrocarbon and air will rise. By 
elevating the pressure at which ignition and reat- 
tion take place, higher concentrations of hydrocarbon 
to air may be used so that the production of act 
vated nitrogen and its oxides may be greatly 1 
creased over that obtained in an internal combustion 
engine where the maximum pressure does not rist 
from compression much in excess of 100 pounds pet 
square inch. 

In those reactions that take place between naturd 
gas and air where the desired products are those 0! 
partial oxidation in which the hydrogen is partially 
removed or oxygen is added without hydrogen ft 
moval from the hydrocarbon constituents and, 1 
brief, wherein the final products are to be othef 
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than CO, CO,, and H,O, the addition of small 
amounts of nitrogen oxides to the air, together with 
devated pressure will be found to be of advantage. 


CHAIN REACTIONS 


The mechanism of hydrocarbon oxidation in the 
gaseous phase has been the subject of considerable 
At present the “chain” mechanism 
theory may be said to more nearly fit all the observ- 
ations of experimental tests. Most of the experi- 
mental work done has been centered about studies 
of the “knock” or antiknock characteristics of motor 


investigation. 


However, such 
work has at least an indirect bearing upon the less 


fuels in internal combustion engines. 


familiar reactions of restricted hydrocarbon oxida- 
ton. 

The “chain” reaction theory has its basis in quan- 
tum mechanics. Assuming that in reaction mixtures 
there are a few molecules of a higher state of activity 
than their neighbors, reaction would begin with 
these molecules which on release of energy (quanta) 
would activate the molecule in closest proximity. 
(his molecule then on reaction would release a high- 
er quantity of energy than the first and the propaga- 
tion would continue to the next and the next with 
Should the 
chain contact a metal surface it would likely be 


wer increasing momentum and energy. 


roken, or it might be broken by a disseminated in- 
On 
the other hand, a reaction promoter similarly dis- 


hibitor possessing sufficient chemical inertia. 


sininated could cause numerous ignition foci 


throughout the system with a greater likelihood that 
the products at the end of the “chain” would be simi- 
ar to those at the start. 

Granting that this speculative assumption was cor- 


rect, the probability of the first products of reaction 


An 


remaining in the final mixture would be greater. 
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increased pressure would bring the molecules into 
closer proximity and therefore favor the propagation 
of reaction in chains. 

Some rather interesting results have been obtained 
from studies of the emission spectra of internal com- 
bustion engine flames. (Ref. Rassweiler and With- 
row, J. I. E. C. Vol. 24, pp. 528-538, May, 1932). A 
comparison of engine spectra with burner flames 
spectra showed the two to be strikingly similar. The 
spectra of C,, CH, and OH were found in both cases. 
A chain mechanism in which fragments of the mol- 
ecules enter in is suggested as possibly accounting 
for the peculiarities found in the spectra. 


The presence of the OH group in the spectra 
would seem to support the hydroxylation theory of 
Bone. At the intense temperatures attained, it is not 
surprising that molecular shattering should occur 
particularly of the unstable and transitory molecules. 
The shattering of a newly formed and highly activ- 
ated molecules likely produces fragments some of 
which are of the atomic form. Thus a partial oxi- 
dation of propane might result in a highly unstable 
molecule of the formula C,H. (OH), which in shat- 
tering would result in C, + CH,and 3 H,O,—=60H. 

The secondary reaction might -be expressed as 

C,-+ CH, + 60H ~ 2CO + C+ 4H.0. 
co + OH > CO, + H 
OH+0O -— H+ O,, etc. 


In the excess of oxygen present in such combus- 


Then 


tion mixtures the exhaust products would naturally 
consist principally of CO, and H,O although traces 
of the products of intermediate reactions might still 
persist. In combustion mixtures too rich in fuels 
the deposition of carbon is high and the exhaust 
gases are relatively high in CO and other partially 
oxidized hydrocarbons. 
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Mineral Seal 


Reconditioning Unit 


EDISTILLATION of absorption oil as a continu- 

ous process is being considered more and more by 
the manufacturers as an economical operating phase of 
gasoline plants. In the past, the oil was found to con- 
tain dirt and gummy substances which had a tendency 
to adhere to the walls of the tubes in the heat exchang- 
ers and cooling coils, preventing the full exchange of 
heat. Carter Oil Company, at its Grisso Gasoline plant 
a mile north of Seminole, is probably a pioneer in this 
respect, having placed a unit in operation for this pur- 
pose several years ago. 


Constructed of salvage material, the investment is 
small, labor being probably all that was considered as 
a direct charge to investment. It is quite efficient, and 
from an operating standpoint, requires only an occa- 
sional visit from the plant operators. The still proper 
is a horizontal shell, supported by I-beams placed on 
posts set in concrete piers at the side. A brick setting 
was placed around it and reaches to above the center of 
the shell. Angle irons are placed at the corners and tie 
rods surround the unit to prevent bulging and separation 
of the setting. 


Above the shell and fastened to it with a flange is a 
short piece of 10-inch pipe which performs the duty of 
a dephlegmator. A two-inch vapor line leads from the 
top of this dephlegmator to an inclosed tubular con- 
denser with water circulated through it to condense and 
cool the vapors coming from the still. Water flows 
through the tubes, and the distillate through the shell. 
At one side is a vertical run tank, or accumulator, in 
which the mineral seal is received as distilled. 


The oil in the process is taken from the hot outlet 
of the still and led through a two-inch line to the dis- 
tillation unit.- Admitted through a small valve, the 
volume is controlled by the action of a Davis Float Box 
placed at the side of the still. The volume of oil enter- 
ing the still is dependant upon the rate of distillation, 
and a constant level is maintained in the shell. Firing 
is by hand control, the gas control valve in the fuel 
line is placed at the furnace end of the still, and when 
once adjusted, requires no further attention. 


As a safety factor, two relief lines are tied into the 
upper side of the shell, in which is placed two safety 
valves set so that if the pressure should rise above the 
predetermined amount, the vapors are carried away 
from the plant into risers and blown to the air. As the 


v 






v 
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accumulation of heavy ends and undesirable constituents 
in the shell becomes greater than desired, these bottoms 
are blown to waste. 















Tagliabue Single System Automatic Pressure Controller 
in Pump House, White Star Refining Company, 
Trenton, Michigan 





Automatic Steam 


tern 
R | - of ¢ 
eguiation re 
LUCTUATING steam pressure and reduced volume Pp 
affects the operation of pumps which are operated of 
to care for throughput and reflux. Automatic controls Bi 
placed on the individual pump balances the steam con- mf 
sumed with the power required. To relieve these in- au 
dividual controllers, White Star Refining Company, 
Trenton, Michigan, has placed a master control in the M 
steam header between the boilers and the pump room in — 
a Southwestern skimming unit. as 
Near the door in one end of the pump room a Taglia- eo 
bue single system automatic controller operates a reduc- sf 
ing valve just outside the pump room building. The - 
average steam pressure carried on the boiler battery is Li 
about 150 pounds, but due to extra service, steaming, fF °C 
cleaning tank cars and placing extra pumps in service, worl 
the pressure sometimes falls below that desired. To ef 
( 


compensate for this varying pressure, the master auto- 
matic controller is adjusted so that the steam entering Ca 


the individual pump controllers is reduced to about 135 basis 
pounds. The boiler seldom, if ever, drops to this pres- § "SP 
sure and in operating the plant on the lower steam pres- its fi 
sure it is always assured of running smoothly. The in-  *¢ 


dividual controllers operate more satisfactorily when a Th 


constant pressure is fed through them, consequently 9 Step 
throughput and reflux is steady, thereby affording bet- labor 
ter plant operation and a more uniform grade of prod- § Senti 
ucts from the towers. lasks 
Capit 
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v again 
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